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@ SUBSTRAT A REVETEMENT AUTO-NETTOYANT. 

(§) L'invention conceme un substrai (1) muni d'un pre- 
mier rev§tement (2) comportant au moins une couche hy- 
drophile a base de derive au moins parU^lement oxyde du 
silicium, sumionte d'un second revetement (3) photocataty- 
tique comportant de i'oxyde de trtane au moins partlellement 
cristallise et presentant une stnicture discontinue/permea- 
ble. 
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5 SUBSTRAT A REVETEMENT AUTO-NETTOYANT 



10 



15 L'inventlon concerne differents types de materiau que I'on peut trouver 

dans des batiments, des vehicules, du mobilier urbain ou encore dans 
relectromenager, a savoir, notamment : 

- des substrats transparents en verre ou en polymere destines a servir de 
vitrage, d'ecran de visualisation par exanple, 

20 - des substrats en ceramique ou vitroceramique que Ton peut utiliser par 
exemple dans I'electromenager, 

- des materiaux architecturaux comme des tuiles, des carrelages, de la pierre, 
des conifpositlons dmentaires, des surface metaUiques 

- des materiaux mineraux fibreux, comme de la laine de verre d'isolation ou 
25 des fits de verre textile, qu'on peut utiliser comme materiau de filtration, pour 

faire des faux plafonds... 

Des etudes recentes ont ete faites pour essayer d'ameliorer le confort 
d 'utilisation de ces matmaux, notamment pour fadliter leur entretien, et deux 
grandes voies ont ete etudiees pour conferer a ces materiaux une telle 
30 fonrtionnalite. 

Selon une premiere voie, on a etudie et mis au point des revetements 
fonctionnels presentant la particularite d'etre hautement hydrophiles. C'est le 
cas, notamment, des revetements a base d'oxyde ou d'oxycarbure de silicium 
que Ton peut deposer sur des vitrages conformement a I'enseignement du 
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brevet WO.01/ 32578. Ce type de revetement a un effet anti-sallssures marque 
vis-a-vis des poussieres, tout particulierement vis-a-vis des poussieres 
minerales : un simple aiissellement d'eau a la surface d'un tel revetement, qui 
est tres « mouillant », permet d'entrainer les poussieres. Ce ruissellement peut 
5 etre naturet (pluie) sj le substrat est utilise en exterieur et expose de fa^on 
appropriee. II peut aussi etre provoque : cela devient un lavage, mais tres aise, 
puisqu'il n'y a pas besoin de f rotter le substrat, et qu'on n'a pas besoin de 
recourir a des detergents. Les substrats airtsi traites se salissent moins, et moins 
vite. On peut ainsi espacer les lavages plus conventionnets, avec detergents 
10 (notamment quand il s'agit de vitrages). Cependant, ce revetement hydrophile a 
un effet moins marque a I'egard des poussieres organiques (qui sent par exemple 
des residus de ga2 d'echappement de vehicules automobile, des residus divers 
d'hydrocaitures dans les environnements d'aeroport, ou plus simplement, des 
traces de doigts). Ces salissures organiques tendent a s'accumuler a la surface 
15 du revetement, dimlnuant progressivement, au moins localement, son caractere 
hydrophile. Sa fCMiction de retardemesit a I'encrassement est done reelle, mais 
susceptible d' ameliorations selon le type de salissure rencontre, selon le type de 
pollution a laquelle le substrat se trouve expose. 

Selon une seconde voie, on a mis au point des revetements fonctionnels 
20 presentant des proprietes frfiotocatalytiques. 11 s'agit notamment de 
revetements comprenant du Ti02 au moins parti^lement cristallise, notamment 
sous forme anataseet qui sont notamment decrits dans les brevets 
WO.97/10185, WO.97/10186, WO. 99/44954 et WO.01 /66271. Ce type de 
materiau semi-conducteur a base d'oxyde metallique, eventuellement dope (il y 
25 a aussi d'autres oxydes susceptibles d'etre photocatalytiques, comme le ZnO...) 
est apte sous I'effet de rayonnements de longueur d'onde adequate a initier des 
reactions radicalaires provoquant I'oxydation de composes organiques : ce type 
de revetement, s'il est suffisamment ejqDOse au rayonnement ad hoc 
(gen6ralement des ultra-violets, eventuellement le domaine visible), est done 
30 tres efficace pour degrader des salissures organiques. En outre, il a ete 
decouvert que, notamment quand il s'agit de revetements a base d'oxyde de 
titane, ceux-ci presentaient aussi un certain caractere hydrophile s'ils etaient 
exposes ^ffisamment longtemps audit rayonnement. Ce revetement est done 
tres performant, en ce sens qu'il est capable de degrader des salissures 
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organiques, et d*evacuer par son hydrophilie ies salissures minerales. 
Cependant, son activite est liee a son exposition (pendant une duree suffisante) 
a un rayonnement (suffisamment intense) de longueur d'onde ad hoc. Ce type de 
revetement a done un comportement qui depend fortement des conditions 
5 climatiques environnantes en cas d'exposition en exterieur, notamment les 
conditions d'ensoleillement, de pluviometrie. De meme, il tend a avoir une 
activite nocturne moindre que son activite diume, en I'absence d'eclairage 
approprie. 

L'invention a alors pour but d'ameliorer encore la fonctionnalite conferee 

10 par ces differents types de revetem^ts « auto-nettoyants *> ou « retardateurs 
d'encrassement ». Elle vise notamment I'obtention de revetements qui puissent 
avoir une efficacite accrue, qui puissent etre plus « polyvalents » a differents 
titres : d'abord vis-a-vis des salissures de natures chimiques variees, ensuite vis- 
a-vis de conditions climatiques variees en cas d' utilisation du substrat en 

15 ext^rieur. EUe vise plus particulierement I'obtention de revetements qui 
puissent, meme dans des ccMiditicms d'ensoleillement mediocres, meme la nuit, 
presenter une certaine activite anti-salissure, 

L'invention a tout d'abord pour objet un substrat qui peut etre 
essentiellement transparent, notamment a base de verre ou de polymere(s), ou 

20 qui peut etre en ceramique ou en vitro-ceramique, ou qui peut encore etre en 
materiau architectural (du type enduit de facade, dalle ou pave de beton, beton 
architectonique, tuile, materiau a composition cimentaire, terre cuite, ardoise, 
pierre, ou qui peut encore etre un substrat fibreux, a base verriere du type laine 
minerale d 'isolation ou fils de verre de renforcement). Ce substrat est 

25 caracterise par le fait qu'il est muni sur au moins une partie de sa surface d'un 
premier revetement comportant une couche ou plusieurs couches empilees de 
preference a base de derive au moins partiellement oxyde du silicium choisi 
panmi le dioxyde de silidum, des oxydes de silicium sous-stoechiometriques, 
t'oxycarbure, I'oxynitrure ou I'oxycarbonitrure de silidum. Ce premier 

30 revetement est choisi de fafon a presenter un caractere hydrophile, et il est 
surmonte d'un s»:ond revetement choisi de fagon a presenter des proprietes 
photocatalytiques. Ce second revetement comporte de preference de I'oxyde de 
titane au moins partiellement cristallise, notamment sc^js fonme anatase. Ce 
second revetement presente une structure discontinue/permeable. On entend 
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par ces termes que le second revetement est suffisamment poreux, qu'il est 
suffisamment « non couvrant » pour laisser accessible une certaine partie de la 
surface exterieure du premier revetement sous-jacent. On choisit 
avantageusement la repartition du second revetement (photocatalytique) sur le 

5 premier revetement (hydrophile) qui soit « reguliere », ou la plus reguliere 
possible, en ce sens qu'a I'echelle du mm'^ ou du cm^ de substrat, on ait 
approximativement la meme quantity et/ou la meme epaisseur de second 
revetement, et de preference repartie approximativement de la meme fa^on a 
cette echelle. On reviendra plus en details par la suite sur la fa^on dont le 

10 second rev^ement se repartit sur le premier, comment la structure du second 
revetement autorise ainsi le contact avec 1' atmosphere exterieure du 
revetement sous-jacent, mais deux cas de figures cumulatifs ou alternatifs sont 
notamment possibles : le second revltement peut etre choisi d'une minceur 
telle qu'il se trouve en fait sous forme d'llots repartis plus ou moins 

15 aleatoirement a la surface du premier revetement sous-jacent. II peut aussi 
presenter une structure poreuse, avec une porosite au moins en partie ouverte, 
qui laisse I'eau de I'atmosphere ambiante atteindre le premier revetement. De 
preference, aussi bien pour le premier que pour le second rev§tement, on reste 
dans le domaine des epatsseurs interferentielles, par exemple de I'ordre d'au 

20 plus la centaine de nanometres pour le premier revetement. Notamment dans le 
cas de revetements adaptes a des substrats transparents du type vitrages, ces 
^aisseurs tres petites garantissent que, meme si le second revetement n'est 
qu'en fait un rassemblement d'llots plus ou moins disjoints, il n'y ait pas 
d'inhomogeneite des proprietes optiques Uees a la discontinuite du second 

25 revetement, pas d'irridescences notamment. 

L'invention a done decouvert une synergie tres interessante entre deux 
revetements aux proprietes complementaires : le premier revetement, 
hydrophile, est efficace vis-a-vis des salissures plutot de type mineral, quelles 
que soient les conditions d'ensoleillement. U est capable d'etre actif sous I'effet 

30 de la pluie, ou par projection d'eau. Le secOTd revetemwit, quant a lui, est 
efficace vis-a-vis des salissures organiques et meme vis-a-vis des salissures 
min^rales quand 11 presente une certaine hydrophilie, son efficacite etant 
dependante des conditions d* exposition aux rayonnements appropries (ultra- 
violets et/ou dans le visible la plupart du temps), il est en outre concu de facon 
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a laisser au premier revetement sous-jacent sa propriete anti-salissures (au 
moins en partie), en permettant a I'eau de le traverser (et les poussieres d'etre 
entrainees avec). En outre, Thydrophilie au moins en partie conservee du 
premier revetement lui conserve ses effete anti-buee et anti-condensation, qui 

5 sent egalement tres ap^recies. 

Ce revetement double est du coup tres polyvalent : en cas 
d'ensoleillement, I'efficacite du retardement a Tencrassement est tres grande, 
en exploitant les proprietes complementaires des deux rev^tements. Et meme 
en cas de faible ensoleillement (ou la nuit), il conserve une certaine efficacite, 

10 au moins vis-a-vis d^ salissur^ minerales, soit grace a une pluviometrie 
naturelle, soit par simple projection d'eau. Le premier revetement (hydrophile) 
sous-jacent permet ainsi d'evacuer aisement les salissures minerales qui sent 
nuisibles car inesthetiques, mais aussi parce que leur accumulation pourrait finir 
par desactiver/passiver les proprietes photocatalytiques du second revetement 

5 photocatalytique. II y a done vraiment une combinaison d'effets qui donne 
d'excellents resultats, alors qu'on aurait pu s'attendre a ce que le second 
revetement photocatalytique, du fait de son caractere discontinu/poreux, 
n'ajoute rien ou quasiment rien en termes de proprietes anti-salissures au 
revetement hydrophile sous-jacent, ou, pire, qu'il retire au revetement 

20 hydrophile sous-jacent ses proprietes anti-salissi^es, anti-buee et anti- 
ccMidensation . 

Avantageusement, le substrat selon I'invention est essentiellement 
transparent, plan ou courbe, du type vitrage, imprime ou non , care' est dans ce 
type d'application que raccumulation de salissures empechant la visibilite est la 
25 plus genante, et que les lavages «)nt les plus necessaires pour garantir leur 
transparence. 

De preference, le premier revetement a caractere hydrophile peut etre 
du type de celui decrit dans le brevet WO.01/32578 precite. il a 
avantageusement un indice refracticwi compris entre 1,45 et 1,80, notamment 
30 entre 1,50 et 1,75, par exemple «itre 1,55 et 1,68. Un tel indice relativement 
peu eleve permet, sur un yjbstrat transparent du type verre, d'eviter un effet 
reflechissant qui peut etre juge inesthetique. 

Ce revetement comprend done avantageusement Si, 0, eventuellement du 
carbone et de I'azote. Mais il peut ccwnprendre aussi des materiaux minoritaires 
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par rapport au silidum, par exemple des metaux comme Al, Zn ou Zr. Ce 
revetement peut etre depose par sol-gel ou par pyrolyse, notamment par 
pyrolyse en phase gazeuse (CVD). Cette demiere technique permet d'obtenir des 
revetements en SiOxCy ou en SiOi assez aisement, notamment par depot 

5 directement sur le ruban de verre float dans le cas de su^strats verriers. Mais on 
peut aussi deposer un tel revetement par une technique sous vide, par exemple 
par pulverisation cathodique a partir d'une cible de Si (eventuellement dopee) 
ou d'une able en sous-oxyde de silicium (en atmosphere reactive oxydante 
et/ou nitrurante par exemple). 

10 Ce premier revetement a de preference une epaisseur d'au moins 5 nm, 

notamment une epaisseur comprise entre 10 et 200 nm, par exemple entre 30 et 
120 nm. 

Pour exacerber son hydrophilie, on a montre qu'il etait avantageux que ce 
revetement presente une certaine rugosite. Elle peut notamment prendre la 

15 forme de protuberances et /ou de creux de taiUe nanometrique. 11 peut plus 
particulierement s'agir de protuberances dont au moins une partie ne soient pas 
jointives : on peut ainsi avoir un revetement dont la face exterieure presente un 
profil relativement Hsse d'ou emerient des protuberances qui peuvent se 
chevaucher, etre jointes, mais dont au moins certaines sont disjointes. On 

20 atteint une telle structuration de surface tout particulierement av^ des 
revetements d3t«iis par pyrolyse. C'est aussi g§n6ralement par ce type de 
technique qu'on peut obtenir des revetements assez denses et fortement 
adherents au substrat-porteur, assez durables done, ce qui interesse bien sur 
I 'invention. 

25 Ces protuberances /creux ont des tallies variables, avec par exemple une 

repartition de diametre compris entre 5 et 300 nm, notamment entre 50 et 
100 nm. On comprend id ie terme « diametre » au sens large, en assimilant ces 
protuberances, creux a des demi- spheres pleines (protuberances) ou vides 
(creux). U va de soi que c'est une taille moyennee, et que I'on inclut des 

30 protuberances/creux de fomie plus aleatoire, plus allongee par exemple. 

Ces protuberances et/ou creux peuvent aussi presenter une hauteur (pour 
les protuberance) ou une profondeur (pour les creux) comprise entre 5 et 
100 nm, notamment entre 10 et 50 nm. C'est la une indication de la valeur 
maximale pour chaque protuberance/creux dont on veut evaluer la taille. 
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Une fa^on de mesurer ces dimensions consiste a faire les mesures ba^es 
sur des photos prises par microscopie a effet de balayage (dent I'abreviation est 
M.E.B). 

Ces photos permettent aussi d'evaluer la repartition de ces 

5 creux/ protuberances par unite de surface au substrat. On peut ainsi avoir un 
nombre de protuberances/creux pour ce premier revetement evalue entre 5 et 
300 par |jm^ de substrat recouvert, notamment entre 20 et 200 par ijm^. 

Une fa^on de mesurer ces protuberances/creux qui exacerbent 
l^ydrophille consiste a faire des mesures de rugosite rms exprimee en nm. On 

10 peut ainsi avoir une rugcsite rms pour ce premier revetement comprise entre 4 
et 12 nm, notamment entre 5 et 10 nm, plus particuiierement entre 6 et 9 nm. 

Le second revetement, celui a proprietes photocatalytiques, est de 
preference mince, c'est a dire d'une epaisseur d'au plus 10 nm, notamment 
d'au plus 8 ou 5 ou 3 nm d'epaisseur dans les zones ou il recouvre effectivement 

15 le premier revetement. En fait, il peut etre si mince qu'on tend a atteindre les 
limites de detection des appareils habituellement utilises pour evaluer des 
epaisseurs de couches interferentielles. Ccwnme evoque plus haut, le ternie 
revetement est h prendre dans s<m sens le plus large dans la mesure ou ce 
revetemait peut etre discontinu, sous forme d'llots au moins en partie disjoints, 

20 ou tenement poreux qu'cMi peut le considerer comme discontinu. C'est 
justement ce point qui est surprenant dans I'invention, qu'un tel revetement 
apporte, malgre son caractere tres « tenu », une fonctionnalite certaine. 

On peut, peut- etre plus justement, quantifier sa presence non pas tant 
par une valeur d'epaisseur que par une valeur de quantite de matiere deposee 

25 par unite de surface de substrat (on prend ainsi en compte Teventuelle 
discontinuite du revetement). Dans ce cas-la, on peut chiffrer cette quantite 
avantageusement a une valeur d'au plus 10 microgrammes par cm^, notamment 
d'au plus 5 <xi 3 microgrammes par cm^. On est de preference dans une gamme 
aux environs de 0.5 a 3 microgrammes par cm^, soit des quantites effectivement 

30 tres faibles (a comparer a la quantite de matiere par cm^ apportee par exemple 
par un premier revetement hydrophile a base de SiOC d'une cinquantaine de 
nanometres, qui est deja d'environ 10 micrc^rammes par cm^ de substrat pour 
un materiau SiOC pcwjrtant moins dense que le Ti02 massif. ). 

Avantageusement, ce second revetement va done etre capable de laisser 
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« respirer » le premier revetement, de lui laisser au moins une partie de 
I'actfvite cuiti-salissures liee a son caractere hydrophile qu'il auralt en son 
absence- 

Le second revetement est de preference depose par sol-gel, pyrolyse du 

5 type CVD ou par une technique sous vide du type pulverisation cathodique. 

Industriellement, la fabrication la plus interessante de ce double 
revetement consiste a deposer le premier puis le second rev&tement par 
pyrolyse en phase gazeuse, sur un ruban de verre float par exemple, en cc»itinu, 
quand on s'interesse k des substrats de verre. 

10 Avantageusement, le second revetement est essentleUement a base 

d'oxyde de titane eventuellement dope, comprenant des grains ou crIstaUltes de 
diametre compris entre 0,5 et 1W) nm, notamment entre 2 et 20 nm. La encore, 
« diametre » est ^ pr&idre au sens large, il s'agit plus d'une evaluation de la 
taille de la cristallite. La forme du grain peut se rapprocher d'une sphere ou 

15 d'une forme allongee du type grain de riz ou d'une forme completement 
aleatoire. Ces g rains /cristallites peuvent etre au moins partiellement jointifs. lis 
peuvent aussi presenter une cohesion par de I'oxyde amorphe qui vient 
incorporer/lier ces grains cristallises. 

De preference, le rapport du diametre des protuberances de la surface 

20 exterieure du premier revetement (hydrophile) sur celui des grains ou cristallites 
du second revetement (photocatalytique) est d'au moins 2, notamment d'au 
moins 4, 5 ou m&ne d'au moins 10. 

Avantageusement, le second revetement va « suivre » la rugosite du 
pr^ier, si rugosite il y a et meme parfois I'exacerber. Ainsi la rugosite de 

25 surface rms en nm du substrat revetu du premier revetement hydrophile et du 
second revetement photocatalytique, sera comprise entre 4 et 15 nm, 
notamment entre 5 et 12 nm, plus particulierement entre 7 et 10 nm. 

En reprenant un mode de realisation decrit plus haut ou la surface 
exterieure du premier revetement est munie de creux/ protuberances et ou le 

30 second revetement comprend des grains/cristallites, ces grains/cristallites 
peuvent etre disposes entre ces creux/protuberances, et recouvrir 
eventuellement, au moins en partie, ces creux/protuberances. 

Avantageusement, le substrat transparent notamment en verre du type 
vitrage, qui est muni du double revetement selon I'invention, presente une 
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reflexion lumineuse Rl cote revetement(s) d'au plus 12%, notamment d'au plus 
11% selon I'lUuminant Dts. On a ainsi affaire a un revetement tres peu 
reflechissant, qui ne penalise done pas le substrat optiquement, qui reste assez 
« neutre » optiquement. Sa colorimetre en reflexion peut etre tres peu intense, 

5 et dans des couleurs neutres, peu (quasiment pas) perceptibles a I'oeil et de 
preference dans les bleus-verts. Cette cdorimetrie peut par exemple etre 
quantifiee par des valeurs de a* et b* dans le systeme de colorimetre (L, a*, b*) : 
de preference, b* est le signe negatif. De preference b* et a* sont negatifs. En 
valeurs absolues, a* et b* sont de preference inferieurs a 5 ou 4 ou 3 . 

10 Avantageusement, Tensemble des prefer et second revetements 

pr^ente une activite photocatalytique caracterisee par une vltesse de 
degradation de I'adde palmitique d'au moins 5 nm/h, notamment d'au moins 
lOnm/h sous exposition h un rayonnement approprie, notamment h des ultra- 
violet. Les conditions du test mesurant cette vltesse de degradation seront 

15 detainees lors de la description ulterieure des exemples. 

Avantageusement encore, I'ensemble des deux revetements presente une 
hydrophilie caracterisee par un angle de contact a I'eau d'au plus 10 ou 5°, avec 
ou sans expositicMn a un rayonnement dans les ultra-violets ou le visible. 

L'invention a aissi pour objet I'appUcation des substrats selon I'invention, 

20 notamment ceux qui sont essentiellement transparents, a la fabrication de 
vitrages « auto-nettoyants », qui puissent etre a la fois anti-salissures, anti-buee 
et anti-condensation, II peut s'agir de vitrages pour le bStiment du type double- 
vitrage, de vitrages pour vehicule du type pare-brise, lunette arriere, toit auto, 
vitres laterales, retroviseurs. il peut aussi s'agir de vitrages pour les trains, les 

25 avions, les bateaux. 11 peut aussi s'agir de vitrages utilitalres comme des verres 
d'aquarium, des verres de vitrines, de serre, ou encore des vitrages utilises dans 
Tameublement Interieur, dans le mobllier urbain. 11 peut aussi s'agir de vitrages 
utilises comme ecrans d'affichage du type ecran de television, d'ordinateur, de 
telephone. Ce type de revetement peut aussi etre applique a des vitrages 

30 electro-commandables, comme des vitrages chauffants a fils ou a couche, des 
vitrages electrochromes, des vitrages a film a cristaux liquides, de vitrages 
electroluminescents, des vitrages photovoltaVques. 

Le substrat selon I'invention, outre son application en tant que vitrage, 
peut etre en tout materiau architectural utilisable pour fabriquer cloisons, 
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facades, toitures, sds, en interieur ou en exterieur (metal, bois, pierre, ciment, 
beton, teire cuite, ceramique, enduit de fa?:ade...) 

Le substmt, s'il est plutot a base de materiau fibreux mineral (verre, 
roche, sillce...), peut servir comme materiau de filtration, ou encore servir a 
5 faire des faux plafonds, dont le nettoyage est malcommode. 

L'fnvention sera decrite d-apr^ h I'aide d'exemples non Umitatifs et des 
figures 1 a 3. L'ensemble des figures sent des cliches pris au MEB des exemples. 
Dans tous les exemples, le subtrat 1 est un verre clair silico-sodo-calcique de 
4 mm d'epaisseur (type de verre commercialise par Saint-Gobain Glass France 
10 sous la denomination SGG Plamlux). 

Exemple 1 

Cet exemple conceme le depot, sur le verre 1 s<hjs fonme encore d'un 
ruban de verre flcat, d'un premier revetement 2 a base d'oxycarbure de silidum 
note par commodite SiOC (sans preji^er du taux r^l d'oxygaie et de carbone 

15 dans le revetement). Ce revetement 2 est depose par CVD a partir de 
precurseurs de Si en particulier a partir d'un melange de SiH4 et d'ethylene en 
dilution dans de I'azote, a I'aide d'une buse disposee au-dessus et 
transversalement au ruban de verre float 1 d'une ligne de production de verre 
plat, dans I'enceinte float, quand le verre est encore a une temperature 

20 d 'environ 600 a 700° C. Le revetement obtenu a une epaisseur d'environ 50 nm 
et un indice de refraction d'environ 1.55 .Toujours sur la ligne float dans 
I'enceinte float et a la meme temperature de verre, on depose, a I'aide d'une 
seconde buse, le revetem^t 3 a base d'oxyde de titane, a partir d'isopropylate 
de titane en dilution dans de I'azote. Ce rev&tement est tres mince, 

25 vraisemblablement « non couvrant » vis-a-vis du revetement sous-jacent. On 
evalue son epaissajr a moins de 5 nm, correspondant a une quantite de Ti02 de 
I'ordre de 1 micnagramme par cm^ de substrat. Les photos des figures la, lb et 
1c se rapportent a cet exemple 1 , une fois le ruban de verre decoupe hot^ ligne 
float : on y voit a deux echelles differentes, en vue de dessus et de fa^on 

30 oblique pour la figure 1c, le revetement 2 qui est seme de protuberances 4 
pseudo drculaires selon le plan de coupe, et d'un diametre d'environ 30 a 
70 nm. On voit aussi d^ traces du revetement 3, sous forme de grains 5 de taiUe 
beaucoup plus petite que les protuberances 4. Ces grains sont disposes entre les 
protuberances 4 et peut-etre aussi au moins aussi sur ces protuberances, mais 
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cela est difficile a affinmer au vu de ces seuls cliches. Ces grains ont une taille 
de I'ordre de 2 a 10 nm. 

Le verre 1 a ete ensuite soumis a deux series de test, I'un en 
vieillissement naturel, r autre en viefllissement accelere : 
5 - Vieillissement naturel : 

Le verre 1 muni du double revetement a ete expose en exterieur pendant 6 
mois a I'aeroport Charles de Gaulle en region parisienne, de fa^on inclinee et en 
contact direct avec la pluie et le soleil. L'environnement d'un aeroport est en 
effet un bon environnement de test, car il s'agit d'une atmosphere fortement 
10 poUuee, avec notammait des taux d'hydrocarbures dans I'air plus eleves 
qu'ailleurs. II a 6t^ constate qu'au bout de 6 mois, le verre restait d'un aspect 
propre et mouillant : le verre traite selon I'invention a done de reelles capacites 
d'« auto-nettoyage », meme dans les conditions climatiques ni tres ensoleillees 
ni tres pluvieuses que I'on rencontre en region parisienne. 11 est capable de se 
15 debarrasser done de salissures organiques, meme avec un rev§tement 3 
photocatalytique tres mince voire discontinu. Et en plus, il reste hydrophile Par 
comparaison, le verre sans revetement, de type SGGPlanilux non traite, soumis 
exactement aux mdmes conditions climatiques, perd des 15 jours d'exposition 
son caractere mouillant, avec des traces visibles de gouttelettes et de 
20 poussieres. 

- Vieillissement accelere : 

mesure tout d'abord I'activite photocatalytique du verre traite selon 
I'exemple 1 avec le test dit test i I'acide palmitique. Ce test consiste a deposer 
sur 15 cm^ de la surface du verre traite, par spray, une solution d'acide 
25 palmitique (8 grammes d'acide pour 1 I de chlorofonne), avec une distance 
verre/spray de 20 cm, sur substrat vertical, et 3 a 4 passages successifs. Ensuite, 
on pese le verre pour evaluer I'epaisseur d'adde palmitique depos^ en 
nanometres (en ayant pese I'echantillon de verre avant depot de I'acide 
palmitique). Le verre est ensuite expose a des UVA d'intensite environ 30W/m^. 
30 L'activite photocatalytique est ensuite calculee en vitesse de disparition de 
I'acide palmitique v (en nm/h) , qui est definie de la fa^on suivante : 

V(nm/h) - (epaisseur d'adde palmitique (nm)) / (2 x T (disparition (h)) 
La valeur v pour la surface traitee du ven-e traite est initialement 
d'environ 10 nm/h. Son angle de contact a I'eau est de 5 : cette surface est 
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done bien fortement hydrophile et egalemCTit photocatalytique. 
• Test en cUmat variable 

Ce test est effectue selon la norme NF P 78 451. !l s'agit de faire subir au 
verre 4 cycles par 24 heures, avec des paliers de 2 heures a 55' C en humidite 

5 relative 95%, puis 1 heure a -ISX, avec des transitions dMheure 30. L'angle de 
contact a I'eau est mesure tous ies 10 jours de la fag:on suivante : on fait subir 
au verre une exposition de 20 minutes a des UV puis on stocke le verre au noir 
pendant 72 heures . On fait ensuite la mesure, qui est une moyenne de trois 
mesures sur trois gouttes differentes. 

10 Au bout de 10 jours de test, I'angle de contact a I'eau, qui etait de 5° 

initialennent, augmente jusqu'a 10°, Puis, a 20 jours, I'angle de contact a I'eau 
redescend a 5°. Cette valeur de 5* reste ensuite a peu pres constante jusqu'a 55 
jours. Ces mesures prouvent done bien que I'hydrophilie du verre traite se 
conserve bien dans le temps, hydrophilie qui est probablement la conjonction de 

1 5 I'hydrophilie du premier et du second revetement. 

• Test de haute humidite 

Ce test est effectue selon la norme EN 1096-2. II s'agit de faire subir au 
verre une temperature de 40° C dans une enceinte saturee d'humidite, avec une 
humidite relative aiperi^re a 95%, avec ruissellement d'eau d'une conductivite 

20 inferieure a 30 pS et d'un pH superieur a 5 sur la face traitee du verre. On 
expose ensuite le verre traite ayant subi ce test 10 et 20 jours h des UV, puis on 
le stocke 72 heures dans le noir comme dans le test precoient. La mesure 
d* angle de contact a I'eau est egalement une moyenne de trois mesures. Au 
bout de 10 jours , I'angle de contact a I'eau est de 10° , et au bout de 20 jours il 

2 5 est redescendu a 5 ° . 

• Test de brouillard salin neutre 

Ce test est effectue selon la norme EN 1036. II s'agit de placer le verre 
dans une enceinte a 35^, avec une pulverisation fine de saumure chaude a 35°C 
et neutre {5% NaCl dans de I'eau), la surface traitee etant exposee a ce 
30 brouillard. L'angle de contact a I'eau de la suri^ace traitee est a nouveau mesure 
dans les memes conditions que les deux tests precedents. L'angle de contact 
reste a 5° pendant 55 jours. 

Exemple 2 

Cet exemple est similaire a I'exemple 1, mais le revetement 3 est plus 
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« epais», par projection d'une quantite superieure de precurseur d'oxyde de 
titane : dans le cas de I'exemple 2, la quantite de Ti02 deposes sur le 
revetement 2 est d'environ 2.3 microgrammes par cm^ de substrat, Les photos 
MEB des figures 2a, 2b et 2c montent la surface traitee en vue de dessus et de 

5 fa<;on oblique a deux echelles differentes : on retrouve one structure proche de 
celle de I'exemple 1 . L'activite photocatalytique initiate de la surface traitee 
est de 20 nm/h, et son angle de contact a I'eau initial est de 5". Apres 15 jours 
de test de cHmat variable, Tangle de contact a I'eau est de 10°. 11 est encore de 
18° apres 15 jours de test en haute humidite (memes conditions qu'a 

10 I'exemplel). Tout se passe comme si la presence en quantite plus importante du 
TiOz photocatalytique augmentalt d'un facteur 2 l'activite photocatalytique du 
revet mais serait une raison (non encore expliquee) pour laquelle 

l'hyc. . ,^...tie diminuerait un peu apres vieillissement climatique accelere, 11 est 
a noter cependant que Ton est toujours en presence d'un revetement hydrophile 

15 au sens commun du terme avec un angle de contact a I'eau d'au plus 20°, apres 
les tests subis. 

A titre de cximparaison, la figure 3 montre une photo MEB en vue de 
dessus d'un verre rev§tu seulemeit du revetement 2 en SiOC : on peut voir 
toujours les protuberances, mais on ne voit plus les grains de TiOa disposes entre 
20 ces protuberances. 
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REVENDICATIONS 

1. Substrat essentiellement transparent (1), notamment a base de 
verre ou de polymere(s) ou substrat ceramique ou substrat vitro-ceramique ou 
substrat en materiau architectural du type enduit de facade, dalles ou pave de 

5 beton, beton architectonique, tuile, materiau a composition cimentaire, terre 
cuite, ardoise, pieire, surface metallique, ou substrat fibreux a base verriere du 
type laine minerale d 'isolation ou fils de verre de renforcement caracterise en 
ce qu'il est muni sur une partie au moins de sa surface d'un premier revetement 
(2) comportant une coixhe ou plusieui^ couches empilees a base de derive an 

10 moins partiellement oxyd6 du silicium choisi parmi le dioxyde de silicium, des 
oxydes de silidum sous-stoechiometriques, Toxycarlaure, Toxyniture ou 
I'Dxycarbonitrure de silicium, ledit premier revetement (2) presentant un 
caractere hydrophile et etant surmonte d'un second revetement (3) a proprietes 
photocatalytiques comportant de Toxyde de titane au moins partiellement 

15 cristallise, ledit second revetement (3) presentant une structure 
discontinue/permeable. 

2. Siijstrat selon la revendication 1, caracterise en ce que ledit 
substrat est essentiellement transparent, plan ou courbe, du type vitrage 
imprime ou non . 

20 3. Substrat (1) selon I'une des revendications precedentes, 

caracterise en ce que I'indice de refaction du premia" revetement (2) est 
compris entre 1,45 et 1,80, notamment 1,50 et 1,75, de preference 1,55 h 1,68, 

4. Substrat (1) selon I'une des revendications precedentes, 
caracterise en ce que le premier revetement (2) est depose par sol-gel ou par 

25 pyrolyse, notamment pyrolyse en phase vapeur CVD ou par une technique sous 
vide du type pulverisation cathodique. 

5. Substrat (1) selon Tune des revendications precedentes, 
caracterise en ce que le premier revetement (2) a une epaisseur d'au moins 
5 nm, notamment comprise entre 10 et 200 nm, de preference entre 30 et 

30 120 nm. 

6. Substrat (1) selon I'une des revendications precedentes, 
caracterise en ce que le premier rev§tement (2) est rugueux et presente une 
surface exterieure avec des protuberances et/cMJ des creux de taille 
nanometriqi^. 
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7. Substrat (1) selon la revendication 6, caracterise en ce que le 
premier revetement (2) a une Efface exterieure presentant des protuberances 
dont au moins une partie ne sont pas jointives. 

8. Substrat (1) selon la revendication 6 ou la revendication 7, 
5 caracterise en ce que le premier revetement (2) presente en surface exterieure 

des protuberance et/ou des creux de diametre compris entre 5 et 3O0 nm, 
notamment entre 50 et 1 00 nm. 

9. Substrat (1) selon la revendication 6 a 8, caracterise en ce que le 
premier revetement (2) presente en ajrface exterieure des protuberances et/ou 

10 des creux de hauteur/profondeur comprise entre 5 et 100 nm, notamment ^tre 
lOetSO nm. 

10. Substrat (1) selon la revendication 6 a 9, caracterise en ce que le 
premier revetement (2) presente une surface exterieure comprenant entre 5 et 
300 protuberances, notammCTt entre 20 et 200 protiAerances par de 

1 5 substrat. 

11. Substrat <1) selon la revendication 6 a 10, caracterise en ce que le 
premier rev§tem«it (2) presente une rugosite rms comprise entre 4 et 12 nm, 
notamment entre 5 et 10 nm et particulier entre 6 et 9 nm, 

12. Substrat (1) selon I'une d^ revendications precedentes, 
20 caracterise en ce que le second revetement <3) a une epaisseur d*au pius 10 

nm, notamm^t d'au plus 8 ou 5 ou 3 nm dans les zones de recouvrement du 
premier revetement (2). 

13. Substrat (1) selon Tune des revendications precedentes, 
caracterise en ce que le second revetement (3) est es^ntiellement a base 

25 d'oxyde de titane eventuellement dope et comprenant des grains ou cristatlites 
de diametre compris entre 0,5 et 100 nm, notamment entre 2 et 20 nm. 

14. Substrat (1) selon la revendication 6 et la revendication 13, 
caracterise en ce que le second revetement (3) est essentiellement a base 
d'oxyde de titane eventuellement dqpe et comprenant des grains ou cristolUtes 

30 de diametre premier revetement (2) sur le diametre des grains ou cristallites du 
second revetement (3) est d'au moins 2, notamment d'au moins 4, 5 ou 10. 

15. Substrat (1) selcm I'une des revendications precedentes, 
caracterise en ce que le substrat muni des premier (2) et second (3) 
revetements presente une rugosite rms comprise entre 4 et 15 nm, notamment 




2838735 

16 

entre 5 et 12 nm et plus particulierement entre 7 et 10 nm. 

16. Substrat (1) selon Tune des re vendi cations precedentes, 
caracteris^ en ce que le seccwid revetement (3) suit la mgosite du premier 
revetement (2) 

5 17. Substrat selon la revendication 7 et la revendication 13, 

caracterise en ce que les grains/cristallites du second revetement (3) sent 
disposes entre les creux/ protuberances de la surface exterieure du premier 
revetement (2) et recouvrent eventuellement au moins partiellement lesdits 
creux/protuberances. 

10 18. Substrat (1) selOTi Tune des revendications precedentes, 

caracterise en ce que le second revetement (3) correspond a une quantite de 
matiere d'au plus 10 microgrammes par cm2 de substrat, notamment d'au plus 5 
ou 3 microgrammes par cm^ de substrat, de preference d'environ 0,5 a 3 
microgrammes par*^^. 

15 19. Substrat (1) selon Tune des revendications precedentes, 

caracterise en ce que le second revetement (3) est depose par sol-gel, par 
pyrolyse, notamment en phase vapeur ou par une technique sous vide du type 
pulverisation cathodique. 

20. Substrat verrier (1) selon I'une des revendications precedentes, 
20 caracterise en ce que les premier et second revetements sont deposes par 

pyrdyse en phase gazeuse, sur un ruban de ven-e float. 

21. Substrat transparent (1) du type vitnage selon Tune des 
revendicatiwis pr«:edentes, caracterise en ce quMl pr^nte, une fois muni des 
premier et second revetements, une reflexion lumineuse cote revetement RL 

25 d'au plus 12%, notamment d'au plus 11%, associee de preference a des valeurs 
de a* et b* de-2<a*<0 et -5<b*<0 . 

22. Substrat (1) selon Tune des revendications precedentes, 
caracterise en ce que I'ensembie des premiers et second revetements (2, 3) 
presente une activite photocatalytique caracterise par une vitesse de 

30 degradation de I'acide palmitique d'au moins 5 nm/h, notamment d'au moins 10 
nm/h. 

23. Substrat (1) selon I'une des revendications precedentes, 
caracterise en ce que r ensemble des premier et second revetements (2, 3) 
presente une hydrophilie caracterisee par un angle de contact a I'eau d'au plus 
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20% notamment d'au plus 10 ou 5° avec ou sans exposition a un rayonnement 
dans les ultra- violets et/ou dans le visible. 

24. Application du sii>strat essentiellement transparent selon I'une des 
revendications precedentes, a la fabrication de vitrages « auto-nettoyants 

5 notamment anti-buee, anti-condensation et anti-salissures, notamment des 
vitrages pour le batiment du tvpe double-vitrage, des vitrages pour vehicutes du 
type pare-brise, lunette arriere, vitres laterales d'automdailes, retroviseurs, des 
vitrages pour trains, avions, bateaux, des vitrages utilitaires comme des verres 
d'aquarium, de vitrine, de serre, d'ameublement interieur, de mobilier urbain, 

10 des miroirs, des ecrans de systemes d'affichage du type ordinateur, television, 
telephone, des vitrages electrixommandables comme des vitrages 
electrochromes, a cristaux liquides, electroluminescents, des vitrages 
photovoltaYques. 

25. Application du substrat en materiau architectural selon Tune des 
15 revendications 1 a 23 a la fabrication de cIoisots, facades, tdtur^, sds, en 

interieur ou en exterieur. 

26. ApplicatiOTi du substrat a base de laine minerale d 'isolation selon 
I'une des revendications 1 a 23 a la fabrication de faux-plafonds on de materiaux 
de filtratitm. 
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Beschreibung 

'Es ist ailgemein bekannt, da6 es umweltschadigend, leuer 
und oft umstandlich ist Fensterscheihen, Fassaden, Autos 
und sonstige Dinge standig reinigen zu mtissen. 5 

Der im Patentanspruch 1 aufgefuhrten Erfindung liegt das 
Problem zugrunde, die fortwahrende Verschmutzung von 
Fensterscheiben, Fassaden, Autos und anderen Dingen zu 
unterbinden und das standige Reinigen solcher Dinge zu un- 
terbiodea. 10 

Dieses Problem wird durch die im Patentanspruch 1 auf- 
gefiihrten Merkmale gelost. 

Die mil der Erfindung erz.ielten Vorteile besiehen insbe- 
sondere darin, das mit der Beschichtung versehene Dinge 
nicht melir so oft gereinigt zu werden brauchen, das viele 15 
Hiissigkeken wie Wasser, Zuckerlosung, Honig, Papjerkle- 
ber auf Wasserbasis asw. die beschichiete Oberflache nicht 
mchr bcnctzcn konncn sondcm cinfach an ihr abrutschcn. 
Ein weiterer Vorteil der Erfindung ist es, dass sofem es sich 
um eine solche Beschichtung handelt, welche mit einer 20 
TiG4-SiF4-Methan-Gemisch/Sauerstoff-Flanime herge- 
stellt wurde, eventuell anhaftende RuB und Schadstofi^jarti- 
kel unler EinfluB der Sonne und Luftfeiichtigkeit durch das 
so in dt"- Beschichtung enthaltene Tj<>2 photokataiytisch 
/-erscLzl ■ ;rden. 25 

Eine v-jiieilhafie Ausgesialtung der Erfindung ist in Pa- 
tentanspruch 2 angegeben. Eine Weiterbildung nach Patent- 
anspruch 2 ermaglicht es, die Beschichtung auf Trager- 
materia! abzustimmen und so eine verbe^ertc Haftung zu 
erreichen, 30 

Ein Ausfiihrungsbeispiel ist im folgenden dargestcUl: 
Einem Geblasebrenner wird Erdgas(Methan) mit einem An- 
tci) von ca. 10% SiF4 (Siiiciunitelraluorid) und als Oxidali- 
onsmittel Sauerstoff zugefiihrt, so dass er mil kriiftiger 
Flamme brennt. Nun wird die Flamme auf eine Ceran- oder *5 
Glasplaite gerichlet und so auf ihr hin und her geschwenkl 
dass eine gleichmaBige dunne Beschichtung entsleht. Die so 
erhaliene beschichtele PlaUe wird langsam abgekUhlt und 
zeigl fortan auf der beschichteien Flache das fiir die Be- 
schichtung typische wasserabweisende Verhalten. ^ 

Werden dent Erdgas neben SiF4 auch noch 2-5% HC14- 
Dampf zugesetzt, zeigt die Beschichtung auch schon be- 
schriebene photokataiytiscbe Verhalten. 

P^eotanspriicbe 45 

1. Beschichtung fur verschiedensle Glaser, Metalle, 
Kunststoffe und andere Maierialien, welche sidi nach 
der Beschichtung nicht rnehr mit Wasser benetzen las- 
sen sondem das Wasser abstoBen und nicht mehr ver- SO 
schmutzen konnen, dadurch gekemueeictanet, 
dass sich nahezu alle hitzebestandigen SlofFe beschich- 
ten lassen, dadurch gekennzeichnet, 
dass sich die beschichteten Materialien nicht mehr mit 
FSiissigkeil benetzen lassen, dadurch gekennzeichnet, 55 
dass wenn es Schrautzpartikeln gelingen soUte anzu- 
haften, sie an der Oberflache photokataiytisch zersetzt 
werden, dadurch gekennssichnet, 
dass die Beschichtung eine feste Bindung mit verschie- 
denen silikatischen Glasem eingeht, welche die Be- 6o 
schichtung besonders haltbar macht, dadurch gekenn- 
jxichnst, 

dass mit der Beschichtung versehene Fensterscheiben 
nicht mehr gereinigt zu werden brauchen, da Wasser 
und d^n gcioslcr "Kalk" und Schmutz wic RuB nicht 65 
mehr anhaften konnen, bzw. photokataiytisch zersetzt 
werden, dadurch gekennzeichnet, 
dass die Beschichtung aus Siliciumtelrafluorid (SiF-4) 



und/oder Tuaniumtetrachlorid (TiCM) in einer Erdgas/ 
Sauerstoff oder Methan/Sauerstoff odcr einer anderen 
Kohlenw^serstoff/Ojiidationsmittelflairane hergestellt 
wird und so auch mii Hilfe jener Flamine auf das /.u be- 
schichtende Material aufgetragen wird, des weiteren 
dadurch gekennzeichnet, 

dass die Oberflache der Beschichtung in der mikrosko- 
pischen Struktur eine exUrem rauhe Oberflache auf- 
weist, 

2, Beschichtung nach Patentanspruch 1, dadurch ge- 
kennzeichnet, dass die Beschichtung auch in zwei 
Schichten aufgetragen werden kann, z. B. erst eine 
Schicht die photokataiytisch wirkt z, B. TiCI4-Methan- 
Gemisch/Oxidaiionsmittel-Flanmie und anschlieBend 
eineSiF4-Methan-Gemisch/Oxidationsmittel-Flainme. 
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COMPOSITION PHOTO CATALYTIOIIE. 

L'invention conceme une nouvelle composition photocatalytiqiae, son 
precede de fabrication et son utilisation. 

5 

Ella se rapporte egalement a un media filtrant recouvert de cette composition 
photocatalytique, de merae que son procede de fabrication et son utilisation. 

Dans la suite de la description et dans les revendications, par « agent 
10 photocataiyseur », on designe un agent apte a detruire les differents polluants 
organiques presents dans Fair ou dans I'eau et ce, par reaction photochimique 
provoquee par I'irradiation des rayons ultra-violet (UV). Cette reaction chimique 
est largement connue sous le ternie de photocatalyse et mise en OBUvre pour le 
traitement de I'air ou de I'eau. 

15 

Schematiquement, la reaction photocatalytique est initiee en activant un 
solide semi-conducteur par des rayonnements UV a une longueur d'onde inferieure 
a 380 nanometres, provoquant des changements electroniques au sein du semi- 
conducteur et conduisant, en presence d'air ou d'eau, a la creation de radicaux 
20 oxygenes a la surface du semi-conducteur. Ces radicaux attaquent les composes 
organiques adsoittes sur le semi-conducteur, et, par succession de reactions 
chimiques irapliquant I'oxygene de I'air ou de I'eau, degradent les composes 
organiques jusqu'a ce que le caibone des chaines carbonees soit completement 
transforme en dioxyde de carbone (COj). 

25 

La reaction photocatalytique est susceptible de transformer par le processus 
ci-avant decrit un grand nombre de polluants de I'air, et notamment les NO^, NH3, 
H2S, CO, O3, les alcenes en C2-C4 chlores ou non, le chloromethane, Tiso-octane, 
le benzene, le toluene, le xylene, I'isopropylbenzene, les alcools aliphatiques 
30 satures en Ci-C4, le methylmercaptan, le chlorophenol, le nitrophenol, le 
methyltertiobutylether, le dimethoxymethane, les aldehydes en Ci-C4, racetone, 
I'acide formique, I'acide ac^tique, I'acide 2-methylpropanoique, le chiorure de 
dichloroacetyle, le dimethylformamide, le trimethylamine, I'acetonitrile, et la 
pyridine. 

35 
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En pratique, on utilise en tant que solide semi-conducteur, c'est a dire en tant 
qu'agent photocatalyseur, du dioxyde de titane Ti02 anatase lequel, active par la 
lumiere U.V., se trouve modifie electroniquement de sorte a conduire a la 
formation de radicaux hydroxyles OH* et d'oxygene O* aptes a attaquer les 
5 composes organiques adsorbes sur le TiOj en le degradant jusqu'a ce que le 
carbone organique soit completement transforme en dioxyde de carbone. 

Toutefois, il est possible de mettre en oeuvre d'autres agents photocatalyseurs 
tels que par exemple, ceux choisis dans le groupe des oxydes m^liques, dcs 
10 oxydes alcalino terreux, des oxydes d'actinide et des oxydes de terres rares. 

Pour le traitement de I'air et des effluents iiquides, il est necessaire de fixer 
1^ compositions photocataiytiques au moyen d'agents liants sur des supports, 
notamment des supports fibreux ou des supports de fibres de verre. Dans la suite de 
15 la description et dans les revendications, on designe cette association « support- 
composition photocatalytique » par le terme « media filtrant ». 

On a longtemps propose en tant qu'agent liant, d'utiliser des molecules 
organiques du type acetate de polyvinylc, alcool polyvinylique.... 

20 

On a rapidement constate que cette mise en ceuvre ne pouvait etre 
satisfaisante dans la mesure oil les chames carbonees du liant etaient egalement 
soimiises au processus de photocatalyse done degradees, de sorte que la duree de 
vie de la composition s'en trouvait limitee. 

25 

Pour r6soudre ce probleme, on a propose diverses techniques consistant a 
eliminer le carbone du liant par calcination, notamment la technique de fixation du 
catalyseur par « Previously Made Titanium Powder (PMTP) » ou encore 
« Chemical Vapor Deposition (CVD)», decrites notamment dans la icvue 
30 « CATALYSIS TODAY », vol ; 39 No 3page 221 et 222. 

Toutefois, ce type de technique presente un certain nombre d'inconvenients, 
comme celui d'augmenter la duree et ie cout de preparatioD de la composition. En 
outre et surtout, la calcination, effectuee a des temperatures de I'ordre de 1700*C, 
35 entraine la formation de poudre qui rend la composition difficile a utiliser. 
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Pour r6soudre ce probleme, on a propose dans le document FR-A-2 749 777, 
de remplacer le Hant organique par un liant inorganique consistant en un polymere 
inoTganique aluminosilicate de type imogolite, 

5 La composition photocatalytique decrite dans ce document se presente sous 
forme d'un gel d'aluminosilicate auquel on ajoute une solution coUoidale d'agent 
photocatalyseur. Le temps de preparation du gel d'aluminosilicate est de Tordre de 
plusieurs jours et necessite une multitude d'etapes relativement compiiquees. On 
obtient un gel thixotropique transparent au rayonnement solaire, necessitant d'etre 
10 fluidifie par agitation pour permettre une enduction reguliere sur un support. 

Plus precisement, pour fabriquer im media filtrant, le gel obtenu est applique 
sur un support puis seche selon une technique non precisee. Les differents essais 
montrent qu'on obtient une destruction des poUuants de I'ordre de seulement 12 ou 
15 26% en fonction de la source lumineuse mise en ceuvre (voir exemple 3), ce qui 
reste insuffisant. 

L'un des problemes que se propose de resoudre I'invention est celui de 
foumir une composition photocatalytique a base de liant inorganique susceptible 
20 d'ameliorer la capacitc d' adsorption et I'efficacite photocatalytique, c'est a dire le 
rendement de 1' agent photocatalyseur. 

Un autre objectif de I'invention est de proposer une composition 
photocatalytique simple k fabriquer a partir de constituants disponibles 
25 commercialement 

L'invention a egalement pom but de proposer un media filtrant dont le 
precede de fabrication est facile a mettre en ceuvre. 

30 Pout ce faire, I'invention propose une composition photocatalytique 

comprenant au moins un agent photocatalyseur et un agent liant inorganique, 
caracteriste en ce que 1' agent liant inorganique comprend une dispersion colloidale 
aqueuse de dioxyde de silice (SiO^). 

35 Par « dispersion coUoidale aqueuse de dioxyde de silice (Si02) », on designe 

une dispersion de particules de silice amorphe, de surface specifique elevee 
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chargee negativeraent dans de I'eau. En pratique, la surface specifique des 
particules de silice est superieure a 80 mVg, avantageusement 100 m^/g pour une 
granulometrie des particules comprise entre 25 et 30 nanometres. De meme, elle 
est superieure a 300 m^/g, avantageusement 350 mVg pour une granulometrie des 
5 particules comprise entre 4 et 6 nanometres. Les particules de silice presentent a 
leur surfece des groupes SiOH et des ions OH qui forment une double couche 
electrique conferant ainsi auxdites particules des proprietes autoliantes. Plus 
preciscment, les particules de silice sont aptes a se lier entre elles apres avoir 
enrobe les particules d'agents photocatalyseurs. 

10 

n est apparu de fafon tout a fait surprenante que 1 'utilisation d'une dispersion 
colloidalc aqueuse de SiO, du type de celie decrite ci-avant permet d'ameliorer 
fortement le taux d'adsorption des substances polluantes sur I'agent 
photocatalyseur ainsi que le rendement de la photocatalyse, ceci etant 
15 probablement du aux proprietes autoliantes des particules de SiO^. 

Selon une premiere caiacteristique de I'invention, les particules de SiOj 
representent de 20 a 50 % en poids de la dispersion aqueuse coUofdale, 
avantageusement 48 % ea poids. 

20 

Pour une concentration inferieure a 20 %, I'agent photocatalyseur est moins 
resistant aux frottements et se transforme en poudre. 

Pour une concentration superieure a 50 %, I'agent photocatalyseur perd de 
25 sonactivite. 

Selon une autre caracteristique de i'invention, les particules de dioxyde de 
silice formant la disperaion aqueuse ont un diametre compris entre 10 et 50 
nanometres, avantageusement entre 20 et 30 nanometres, 

30 

Avantageusement, on utilise en tant qu'agent photocatalyseur, le dioxyde de 
titane (Ti02) anatase seul. 

Toulefois, I'agent photocatalyseur peut egalement resulter d'un melange de 
35 plusieurs agents tcls que TiOj, oxyde de cerium etc... 
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Pour amcliorer refficacite photocatalytique, les particules de dioxyde de 
titane (TiOj) ont un diametre compris entre 10 et 30 nanometres. 

De meme, pour obtenir une efflcacite d' adsorption optimaie, la composition 
5 pholXH^talytique comprend de 1 0 a 60 parties (en sec) de la dispersion colloidale 
aqueuse de dioxyde de silice, le complement a 100 parties etant constitue de Ti02 
anatase. 

Avantageusement, la composition photocatalytique comprend 50 parties de la 
10 dispersion colloidale aqueuse de dioxyde de silice et 50 parties de dioxyde de titane 
anatase. 

Selon tine autre forme de realisation de T invention, afm d'empecher le 
developpement de micro-organismes et de moisissures nuisibles contenus dans I'air 
1 5 ambiant, la composition photocatalytique comprend en outre des zeolites modifiees 
avec des ions metalliques. 

Par « zeolite », on designe un groupe d'aluminosilicates naturels hydrates 
des metaux alcalins ou alcalino-terreux. 

20 

En pratique, les ions metalliques sont choisis dans le groupe comprenant 
I'argent, le cuivre et le zinc et sont utilises a raison de 1 a 3%. Avantageusement, la 
zeolite est modifiee avec 1,5% d'ions argent 

25 On a en effet constate que ce type de composition permettait d'accelerer la 

destmction des micro-organismes et des moisissures contenues dans I'air ambiant 
tout en detruisant ies poUuants organiques a I'origine de certaines odeurs, en 
combinant les propri6tes des zeolites modifiees celles de la photocatalyse decrite 
ci-avant 

30 

Selon ime forme avantageuse de realisation de I'invention, la composition 
photocataljrtique est constitude de (en poids) : 

. 30 a 50%, avantageusement 47% de SiOj 
. 30 a 50%, avantageusement 47% de TiO^ anatase 
35 . 2 a 10% avantageusement 6% de zeolite a 2% d'argent 
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L' invention se rapporte egalement au precede de fabrication de la 
composition photocatalytique selon lequel sous agitation, on introduit Fagent 
photocatalyseur et k cas echeant les zeolites modifiees avec des ions metalliques 
dans la suspension aqueuse coll oi dale de silice jusqu'a obtention d'une suspension 
5 homogene pouvant se presenter sous la forme d'une peinture pouvant etre 
appliquee directement sur un support. 

L'invention conceme egalement un media filtrant. Comme deja dit, par 
« media filtrant », on designe 1' association support - composition photocatalytique. 
10 De fa(?on connue, un media filtrant peut etre compose d'un ou plusieurs supports 
traites. 

Ainsi, la composition photocatalytique de l'invention peut etre deposee sur au 
moins ime des faces d'un support. On a en effet constate que grace a leure 

15 proprietes autoliantes, les particules de SiOj non seulement se liaient entre elles 
tout en enrobant les particules de TiOj, mais se liaient egalement au support. En 
outre et surtout, on observe une forte augmentation du rendement de la 
photocatalyse, ceci etant probablement dfi a la structure particulito des particules 
de SiOj, qui permet de conserver une porosite elevee et une forte surface 

20 specifique de la couche apres sechage. 

Contrairement au depot d'une composition transparente au rayons UV decrite 
dans le document FR-A-2 749 777, le depot realise avec la composition de 
l'invention est opaque aux rayons UV tout en gardant une efficacite optimale, 
25 propriete qui peut etre mise ea oeuvre dans des domaines d' application du type 
affiches, banderoles, papiers tentures. 

Par ailleurs, on peut avoir rccours a plusieurs types de supports tels que fibres 
de verre, support non tisse et ce, de fa9on non limitative. 

30 

Le support peut egalement etre un support fibreux organique de type papier. 
On a en effet constate que Tutilisation d'une dispersion coUoidale acpieuse de Si02 
permettait d'enrober les fibres organiques du support, de sorte que Icdit support ne 
soit pas soumis a la reaction de photocatalyse et done deteriore au fii du temps. 

35 
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L'utiHsation dc la dispersion colloidale de Si02 sur <^ type de support pennet 
done d'augmenter la duree de vie du media filtrant. 

Selon une forme de realisation avantageuse de 1' invention, une seule face du 
5 supixnt du media filtrant est enduite de la composition photocatalytique de 
I'invention, I'autre face etant enduite d'une seconde conaposition apte a detruire les 
odeurs comprenant vai derive de I'acide undecylenique. 

Avantageusement, le derive de I'acide undecylenique est rundecylenate de 
10 sodium ou encore de methyl ou d'ethyl, et ce de fagon non limitative. 

Afin de detruire les insectes de type acariens, ladite seconde composition 
comprend egalement du dioctyl sulfosuccinate. 

15 On a en effet constate que ce type de composition permettait de combiner et 
de potentialiser plusieurs actions differentes a savoir : 

■ celle du derive d'acide undecylenique qui assure la destruction des odeurs, 

notamment du type amines, derives soufres etc... 
• celle du dioctyl sulfosuccinate qui agit en detruisant la keratine des 
20 acariens. 

En pratique, ladite seconde composition contient (en poids sec) : 

• de SO a 98%, avantageusemcsnt 96% d'undecylenate de sodium, 

• de 2 a 20%, avantageusement 4% de dioctylsulfosuccinate 

25 

Dans une variante, outre un support enduit de la composition 
photocatalytique, le mddia filtrant comprend un prefiltre sous forme d'un support 
enduit d'une composition apte a detmire les odeurs et les insectes de type acariens 
comprenant un deriv6 d'acide undecylenique et de dioctyl sulfosuccinate. 

30 

L'invention conceme egalement le precede de fabrication d'un media filtrant 
comprenant un support sur lequel on enduit la composition photocatalytique de 
rinvention araison de 5 a 30 g/m^ avantageusement 20g/m^ de TiOj. 
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Pour une valeur inferieure a 5 g/m^, la reaction de photocatalyse est reduite 
compte tenu de la trop faible epaisseur de la couche de la composition 
photocatalytique sur le support. 

5 Pour une valeur superieure a 30 g/m^, on n'observe pas d'augmeaitation du 
rendement photocatalytique. 

Dans k forme de realisation scion laquelle le media filtrant presente une face 
de support ou un prefiltre enduite d'une composition a base d'acide und6cylenique 
10 et de sulfosuccinate, cette enduction est effectue« a raison de 2 g/m^ 

En outre, le procede de fabrication du media filtrant de 1' invention presente 
I'avantage de pouvoir etre realise en continu, I'enduction pouvant etre effectuee 
notamment par size press, ou tout autre procede d' impregnation ou d' enduction 
15 traditionnelle, ce qui rend le precede tres simple par rapport a I'art anterieur. 

Dans le cas de papiers tentures, la composition de I'invention peut se 
presenter sous fonne d'une peinture a appliquer directement sur le support. 

20 Ces medias filtrants peuvent etre done utilises pour ie traitement et 
I'epuration de I'air, mais egalement pour le traitement d'effluents liquides. 

L'invention et les avantages qui en d6coulent ressortiront mieux des exemples 
de realisation suivants a I'appui de la figure 1 annexee, laquelle represente le 
25 rendemesit reactionnel de la composition photocatalytique, objet de Tinvention. 

Exemple 1 

^'experience suivante montre ramelioration de la capacite d'adsorption et du 
rendement photocatalytique de la composition photocatalytique de rinvention par 
30 comparaison avec un media filtrant de I'art anterieur. 

Le test consiste a immerger un disque support enduit d'une composition 
photocatalytique dans une solution d'alcool isopropylique, puis de soumettre le 
disque a Taction des rayons ultra-violets de longueur d'onde inferieure a 380 
35 nanometres, pendant 90 minutes. Sous I'effet des rayons UV, une partie de I'alcool 
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isopropylique est transformee en acetone et revele ainsi rcfficacite 
photocatalytique du dioxyde de titane. 

Le disque est constitue d'un support fibreux enduit d'une compositiotit 
5 photocatalytique constituee de : 

• 50 parties de Hants 

• 50 parties de TiOj. 

Les exemples 1, 2, 3, 4 sent realises avec divers types de TiO; enduits sur le 
10 disque de surface egale a 18 cm'^' a raison de 4,5 a 17 g/m^, Le liant inorganique 
utilise est une dispersion colloidale de SiOi commercialKee par NISSAN sous la 
marque « SNOWTEX 50 ». 

L'exemple 5 met en oeuvre un media filtrant commercialise par MATRIX 
15 dans lequel la liaison du Ti02 avec le support est realise par calcination de 1' agent 
liant Les analyses sont effectuees par chromatographic en phase gazeuse. 

Les rcsultats figurent dans le tableau suivant : 

20 TABLEAU 1 





Exemple 1 
TiO,DT51' 


Exemple 2 

Ti02REF2^ 
17g/m' 


Exemple 3 

TiOj REF2 
4,5 g/m^ 


Exemple 4 

12.5 g/m= 


Example 5 

Media filttant 
Art anterieur'" 
2,88 g/m^ 


Quantite 
d'ac^tone 
formee/^mol 


46 


69 


SO 


71 


26,5 



1 : DT 51® ; TiOj conrniercialise par RHODIA 
25 2 : REF2 : TiOz de surface specifique egale a 75 mVg 
3 : commericalise par DEGUSSA 
4 : commercialise par MATRIX 
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On constate que le dernier disque engendre la formation d'une quantite 
d'acetone tres faible par rapport a la composition photocataiytique de I'invention. 
On constate egalement qu'un depot de TiOj compris entre 4,5 g/m^ et 12,5 g/m^ 
5 (exemples 3 et 4), permet d'obtenir une bonne efficacite photocataiytique. 

Example 2 

On a calcule le rendement reactionnel de diverses compositions selon 
I'invention enduites sur un support du type non tisse (reference 1045) fabrique par 
10 AHLSTROM LYSTIL et perfore par le precede PERFOJET de fapon a ameliorer 
les debits traversants (faible j^rte de charge). Le polluant mis en oeuvre est 
I'isobutane. 

La composition contient deux types de TiOj differents de surface specifique 
15 respectivement egalc a 250 mVg (designe REF 1) et 75 m^/g (REF 2). 

Sur le tableau suivant, on a rcpresente 1' ensemble des parametres essentiels, 
a savoir les proportions de chacun des constituants, la surface irradiee, la duree 
d'irradiation et le rendement reactionnel moyen, et le depot 10 ou 20 g/m^ de TiOz 
20 (REF 1 ou REF2). 



TABLEAU? 





Liant*/TiOj 


burtace cm' 


Duree d'irracliatiori 


kendement reactionnel 




en parde en sec 




h 


% moyeime 


lA 




64.5 


6 




REFl 


imo 


65,8 


6 


54,30 






65.8 


6 




IB 




67,4 


6 




REF 2 


20/80 


67,5 


6 


75,38 






65,7 


6 




IC 




65,2 


6 




REFl 


20/80 


65,4 


6 


75,50 


20 g/m^ 




65,7 


6 




2A 




64,5 


b 




REFl 


50/50 


64,8 


6 


44,58 


lOg/lD^ 




68.2 


6 




2A' 




6V,S 


5 




REFl 


50/50 


67.8 


5 


36.40 


lOg/m^ 




67,8 


5 
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2B 




bb,2 


6 






REF2 


50/50 


65,1 


5 


* 




lOg/m^ 




65,1 


6 






2B' 




67,14 


5 






REF2 


50/50 


67 8 








10 g/m^ 




67,8 








2C 




66,2 


6 







REF2 


50/50 


66,2 








20 g/m^ 




66,4 












67,2 


6 






REF2 


50/50 


67,2 


6 


84,03 








67,2 


6 






41i 




66,9 


6 






REF2 


50/50 


64,8 


6 


2.95 








66,9 


6 

sans C4H10 







•Snowtex 50 commercialise piar NISSAN. 



On constate que les meilleurs rendements reactionnels sont obtenus avec des 
compositions de Tinvention contenant 50 parties de la dispersion aquexise 
5 colloidale (SiOj) de silice et 50 parties de dioxyde de titane REF 2. 

On remarque egalement que des depots de lOg/m^ de TiOa engendrent des 
rendements reactionnels superieurs a des dq>dts de 20 g/iti^, toutes autres 
conditions etant identiques, ce qui conduit a reduire le cout des medias filtrants, 

10 

Lorsque Fessai est realise sans le polluant organique isobutane, le 
rendement photocatalytique est pratiquement nul, ce qui est logique. On peut 
estimer que la feible valeur obtenue dans ce cas (2,95 %) correspond a la 
decomposition de matieres organiques parasites. Les chif&es du tableau sont done 
15 significatifs a 3 % pres. 

Sur la 6gure 1 annexee, on a represente le rendement reactioraiel obtenu 
pour les compositions photocatalytiques enduites a raison de 10 g/m2 de TiOa > soit 
les exemples 1 A, IB, 2A, 2A', 2B, 2B', 3B et 4B. 

20 

Les avantages de Tinvention ressortent bien de la description. On notera en 
particulier, la forte capacite d'adsorption et TefBcacite remarquable du TiOa 
lorsqu'il est en melange avec une dispersion aqueuse colloidale de silice. 
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On notera egalement la simplification du precede de fabrication du media 
filtrant en faisant appel notamment a des techniques d' impregnation ou 
d'enduction cn continu, notamment pai Size-press. 
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REVENDTCATTONS 

ly Composition photocatalytique comprenant au moins un agent 
5 photocatalyseur et au moins un liant inorganique, caracterisgg en ce que le liant 
inorganique comprend une dispersion colloidale aqueuse de dioxyde de siiice 
(SiO,). 

II Composition photocatal>tique scion la revendication 1 , caracterisee en ce 
10 que les particules de SiOi representent de 20 a 50 % en poids de la dispersion 
aqueuse colloidale. 

3/ Composition photocatalytique selon ia revendication 2, caracterisee en ce 
que le diametre des particules de dioxyde de siiice est compris entre 10 et 40 
15 nanometres. 

4/ Composition photocatalytique selon I'une des revendications 1 a 3, 
caracterisee en ce que I'agent photocatalyseur est le TiOj anatase. 

20 5/ Composition photocatalytique selon la revendication 4, caracterisee en ce 

que le diametre des particules de TiOj est compris entre 30 et 50 nanometres. 

6/ Composition photocatalytique selon I'une des revendications 1 a 5, 
caracterisee en ce qu'elle comprend de 10 a 60 parties (en sec) de la dispereion 
25 colloidale aqueuse de dioxyde de siiice, le complement a 100 parties etant constitue 
du Ti02. 

7/ Composition photocatalytique selon la revendication 6, caracterisee en ce 
qu'elle comprend 50 parties de dioxyde de titane et 50 parties de la dispersion 
30 colloidale aqueuse de dioxyde de siiice. 

8/ Composition photocatalytique selon I'une des revendications 1 a 7, 
caracterisee en ce qu'elle comprend en outre des zeolites modifiees avec des ions 
metallique^ aptes a empecher le developpement de micro-organismes et de 
35 moisissures nuisibles. 



2776944 



14 

9/ Proc^d^ pour la fabrication d*une composition photo catalytique selon 
I'une des revendication 1 a 7, caracterise en ce que sous agitation, on melange 
r agent photocatalyseur dans le liant inorganique jusqu'a obtention d'une 
suspension homogene. 

5 

10/ Procede pour la fabrication d'une composition photocatalytique selon la 
revendication 8, caracterise en ce que sous agitation, on melange I'agent 
photocatalyseur et les zeolites modifiees avec des ions metalliques dans le liant 
inorganique jusqu'a obtention d'une suspension homogene. 

10 

11/ Procede selon I'line des revendications 9 et 10, caracterise en ce que la 
composition obtenue se presente sous la forme d'une «peinture» applicable 
directement sur un support. 

15 12/ Media filtrant comprenant un support enduit sur au moins une de ses 

faces d'une couche de la composition photocatalytique selon Tune des 
revendications 1 a 8. 

13/ Media filtrant selon la revendication 12, caracterise en ce que le support 
20 est un support fibrexix. 

14/ Media filtrant selon Tune des revendications 12 et 13, caracterise en ce 
que lorsque Tune des faces du support est enduite de ladite composition 
photocatalytique, I'autre face du support est enduite d'une seconde composition 
25 apte a detruire les odeurs comprenant un derive de I'acide undecylenique. 

15/ Media filtrant selon la revendication 14, caracterise en ce que ladite 
seconde competition comprend en outre du dioctyl sulfosuccinate apte a detruire 
les insectes de type acariens. 

30 

16/ Media filtrant selon Tune des revendications 12 a 15, caracterise en ce 
qu'il comprend en outre un prefiltre sotis forme d'un stqjport enduit de ladite 
seconde composition apte a detruire les odeurs comprenant un derive d'acide 
undecylenique. 

35 
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17/ Media filtrant selon la revendication 16, caracterise en ce que ladite 
seconde composition comprend en outre du dioctyl sulfosuccinate apte a detruire 
les insectes de type acariens. 



5 18/ Precede pour la fabrication d'un media filtrant selon I'tine des 

revendications 12 a 14, caracterise en ce qu'on enduit le support de la composition 
photocatalytique selon Tune des revendications 1 a 8 a raison de 5 a 30 g/m^ de 
TiOj. 

10 19/ Procede pour la fabrication d'un media filtrant selon Tune des 

revendications 12a 17, caracterise en ce que ledite seconde composition est enduite 
a raison de 2g/m^ sur le support. 

20/ Utilisation d'un media filtrant selon I'une des revendications 12 a 17, 
15 pour ie traitementde r air. 

21/ Utilisation d'un media filtrant selon Tune des revendicatioM 12 k 17, 
pour le traitement d'effluents Hquides. 



20 



1/1 



2776944 



O 



I 

=0 



< 
< CM 



■(■ 1 

<N CM 



2776944 



REPUBLIQUE FRANQAISE 



iNSTITUT NATIONAL 
dela 

PROPRtETE INDUSTRIELLE 



RAPPORT DE RECHERCHE 
PRELIMINAIRE 



FA 557239 
FR 9804401 



DOCUMENTS CONSIDERES COMME PERTINENTS 




DATABASE WPI 

Section Ch, Week 9736 

Derwent Publications Ltd., London, GB; 

Class A85. AN 97-391022 

XP002088212 

& JP 09 171801 A (NIPPON SODA CO) 

30 juin 1997 
* abrdge * 



WO 97 00134 A (NIPPON SODA CO ;KI«URA 
NOBUO (JP); ABE SHINJI (JP); YOSHIMOTO 
TETS) 3 Janvier 1997 
*abrege* 

EP 0 737 513 A (KANA6AWA ACADEMY OF 
SCIENCE AN ;FUJISHinA AKIRA (JP); 
HASHIMOTO KA) 16 octobre 1996 

DATABASE WPI 

Section Ch, Week 9750 

Derwent Publications Ltd,, London, 6B; 

Class J04, AN 97-544511 

XP002088214 

& JP 09 262483 A (TOSHIBA LIGHTECH KK) 
, 7 octobre 1997 

* abrege * 

DATABASE WPI 

Section Ch, Week 9650 

Derwent Publications Ltd., London, GB; 

Class A26, AN 96-502934 

XP002088215 

L JP 08 259891 A (MATSUSHITA ELECTRIC 
WORKS LTD), 8 octobre 1996 

* abrege * 



(19) 



J 



■iiiiiiini 



(43) Date of pubiicatlon: 

07.02.2001 Bulletin 2001/06 



Europaisches Patentamt 
European Patent Office 
Offieeeuropeendes brevets (11) EP 1 074 525 A1 

EUROPEAN PATENT APPLICATION 

(51) intci-^: C03C 17/34, C09K 3/18 



(21) Application number: 00115095.2 

(22) Date of filing: 27.07 J2000 



(84) Designated Contracting States: 


• inomata, Hlroyukt, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Nippon Sheet Glass Co., Ltd. 


NIC NL PT SE 


Osaka-sht, Osaka (JP) 


Designated Extension States: 


* Ogino, Eteuo, 


AL LT LV MK RO SI 


Nippon Sheet Glass Co., Ltd. 




Osaka-shl, Osaka (JP) 


(30) Priority: 05.08.1999 JP 22254899 


* Mori, Kenji, 




Nippon Sheet Glass Co., Ltd. 


(71) Applicant: 


Osaka-shi, Osaka (JP) 


Nippon Sheet Glass Co., Ltd. 


• Kljima, Voshifumi, 


Osalo-shi, Osaka-fu 541 (JP) 


Nippon Sheet Glass Co., Ltd. 


(72) Inventors: 


Osaka-shi, Osaka (JP) 


♦ Tada, Hiroaki, 


* Kawahara, Tetsuro, 


NifH^on Sheet Glass Co., Ltd. 


Nippon Sheet Glass Co., Ltd. 


Osaka^ht, Osaka (JP) 


Osaka-Shi, Osaka (JP) 


• Doushita, Kazuhiro, 


(74) Representative: HOFFMANN - EITLE 


Nippon Sheet Glass Co., Ltd. 


Patent- und Rechtsanwalte 


Osaka-Shi, Osaka (JP) 


Arabellastrasse 4 




81925 Munchen (DE) 



(54) Article having photocatalytic activity 

(57) A surface of a gSass plate is coated with a first 
n-type semiconductor film which is a 50 nm-thick nio- 
bium oxide film as a primer layer. The primer layer is 
coated with a 250 nm-thick photocatalyst film compris- 
ing titanium oxide. Thus, an article having a photocata- 
lytically active surface is obtained. The two coating films 
can be formed by sputtering. The first n-type semicon- 
ductor fiSm as the primer layer is selected so as to have 
a larger energy band gap than the titanium oxide. Due 
to this constltutbn, more holes are generated near the 
film surface. This article can be free from the problem of 
conventional titenium oocide films having photocatelytic 
acti\^, thai it is difficult to generate many surface holes 
corrtributing to photocatalytic activity, because electrons 
and holes generated tif charge separation reconvbine 
within the film, making it impossible to effectively 
heighten catalytic activity. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a substrate coated wtth a photocatalyst film. More particularly, the invention 
relates to a substrate having functions such as stain resistance, fog resistance and easy wash prc^erty. 

BACKGROUND OF THE INVENTION 

10 [0002] Attempts are being made to apply to various artides a technique for environmental clarification in which a 
thin fllnri of titanium oxide functioning as a photocatalyst is used to decompose harmful substances and a technique for 
obtaining stain resistance by using the tit^ium oxide film In decompose organic fouling siistances and simultaneously 
make the surface hydrophilic. in these techniques, it is crucially important for the tftanhjm oxide film to have enhanced 
photocatalytic activity so as to have practical functions. 

75 px)03] Various methods for enhancing photocatalytic activity have been attempted. Examples thereof include a 
technique in which a titanium oxide film having satisfactory anatase crystalilnity is formed, e technique in which a 
porous or granular titanium oxide fiim is formed so that the film has an increased surface area, and a technique in which 
a titanium oxide film is formed which has catalytic activity having enhanced sensitivity not only to ultraviolet but to visible 
light. 

20 [0004] A technique for enhancing photocatalytic activity is being attempted, in which the charge separation of the 
electrons and holes which have been excited by light irradiation in a titanium oxide film is accelerated and the chance 
of recombination is reduced- JP-A-63-1 00042 (the terni "JP-A" as used herein means an "unexamined published Jap- 
anese patent application") discloses the addition of platinum, rhodium or palladium to titanium oxide for the acceleration 
of charge sepanation in a titanium oxide film. 

2S [0005] ^1 attempt is being made to heighten the photocatalytic functions of a titanium oxide film by adding other 
elements to the fihn and thereby attaining valence control and enhancang photoadsorption/photodesorption function. 
JP-A-1 0-666879 discloses a technique in which nickel, copper, tin or the like is added to a titanium oxide fi^ to thereby 
heighten photocatalytic functions, and J^anese Patent Application No. 1C-2790S8 discloses atechnk|ue of heighten- 
ing photocatalytic functions by adding a metel such as magnesium, vanadium, chromium, manganese or molybdenum. 

30 [0006] Furthermore, an article having a multllayered photocatalyst film comprising two or more layers superposed 
in decreasing order of energy band gap (hereinafter referred to as "band gap"), which influences the relationship 
between photocatalytic activity and incident light, from the incident-light side is disclosed in, e.g., JP-A-60-118239 and 
JP-A-62-68547. JP-A-1 1-10006 discloses a muWIayered photocatalyst film constitution which contains a conductive 
interlayer of tin oxide formed between a substrate and a photocatalyst film. 

35 [0007] However, of the conventional techniques described above, the photocatalyst film which is an even titanium 
oxide film containing a metal such as a noble metal has the following drawbacks. Charge separation (generation of elec- 
tron-hole pairs) occurs at the interface between the titanium oxide film as a matrix and the metal. However, when the 
inner structure of the film Is viewed microscopically there is a high probability that charge pairs recombine before they 
reach the film surface to effectively perform their photocatalytic functions. Moreover, electron-hole recombination on the 

40 titanium oxide film surface is not inhibited. Consequently, this convention^ technique has a problem that the attainable 
photocatalytic activity is not so high. 

[0008] The photocatalyst film comprising tfiln semiconductor films superposed in decreasing order of band gap 
from the incident-Sight side, in the conventional techniques described above, has an advantage that it causes charge 
separation in a wider range of incident-light wavelengths and thereby generates more electron-hole pairs. However, this 
45 photocatalyst film has a problem that it Is difficult to inhibit the eiectron-hole pairs from recomtMning in the photocatalyst 
film and photocatalytic activity cannot always be enhanced effectively. 

[0009] Furthermore, with respect to the multllayered photocatalyst film constitution containing a conductive inter- 
layer of tin oxide formed between a substrate and a photocatalyst film, in the conventional techniques described above, 
there is a description in the reference to the effect that \he photocatalyst film retains a tow charge density and comes to 
so have an increased diarge density upon irradiation with intense light, whereby the probability of recombination in the 
energy band present on ttie catalyst film surface can be kept low to thereby improve photocatalytic activity. However, 
this multllayered constitution has a problem that it is necessary to Increase addition amount or film thickness for obtain- 
ing a certain degree of conducBwty, resulting in an increased cost, 

55 SUMMARY OF THE INVENTION 

[0010] Accordingly, an object of the present invention is to provide an artcle having photocatalytic activity which 
comprises a substrate, a first n-type semiconductor film as a primer layer fonmed over a surface of the substrate, and a 
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photocatalyst film made of an n-t^pe semiconductor and foimed on the primer layer, wherein the first n-type s«nicon- 
ductor film as the pruner layer has an energy band gap larger than that of the photocatalyst film. 
[001 1] When a photocatalyst film is in^diated witti ultraviolet ray, electron-hole pairs generate in the film. Of those 
eiectron-hole pairs, ones which are present on or have moved to the film surface contribute to photocatalytic activity. 
5 However, when the electron-hole pairs which have generated recombine In an inner part of the film, they no longer con- 
tribute to photocatalytic activity. In the present invention, since the photocatalyst film has n-type semiconductive prop- 
erties, the flim has an inflected energy level band structure near the film surface and, because of this, holes are sent 
preferentially to the surface. 

[0Q12J If the thickness of a photocatalyst film is increased in order to enhance catalytic activity, this results in 
to increased chances of electron/hole recombination in Inner parts of the film and the band inflection near the film surface 
becomes relatively small. Because of this, it Is difficult to effectively enhance photocatalytic activity by increasing the 
film thickness beyond a certain level. 

[001 3] in the present invention, an n-type semiconductor film is employed as a photocatalyst film and is bonded to 
a pr'mner layer whch is an n-type semiconductor film having a band gap larger than that of the photocatalyst film. In the 

15 multilayer structure of the present Invention, the band structure Is inflected so that the two films have the same Fermi 
level. Furthermore, the Fermi level in the photocatalyst film and that in the n-type semiconductor film as a prwner layer 
are located just below the conduction band. Since the band gap in the primer l^er is larger than that in the pholooata- 
iyst film, the upper edge of the valence band in the primer layer is located below the upper edge of the valence band in 
the photocatalyst film. Because of this, the holes generated in the photocatalyst film according to the present invention 

20 travel so as to recede from the primer film, i.e., travel toward the surface of the photocatalyst film. 

[0014] In the photocatalyst film according to the present invention, since holes travel preferentially to the film sur- 
face, the proportion of holes which recombine with electrons in an inner part of the film and thus disappear without con- 
tributing to photocatalytic functions can be reduced for the reasons described above. Consequently, photocatalytic 
f unctiohs can be improved effectively aoiordlng to the film thickness. 

ss [001 5J The photocatalytic functions in the present Invention are mainly attributable to the presence of holes near 
the surface of the photocatalyst film. The film is hence highly active in oxidation reactions. For example, the photocata- 
lyst film has been improved so as to have pracacally useful effects on, e.g., the decomposition of formaldehyde, decom- 
position of volatile organic cwnpounds (VOC) (susative of offensive odors, and decomposition of organic fouling 
substances which impair the hydrophllicity of glass surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

35 Fig. 1 is a sectional view of one embodiment of the article having photocatalytic activity acxiording to the present 
invention. 

Fig. 2 is an Illustration showing an energy band structure possessed by a multilayer structure according to the 
present Irwentlon comprising a primer layer and a titanium oxide photocatalyst film. 

Bg. 3 is an Illustration showing an energy band structure near the surface of a conventional photocatalyst film com- 
40 posed of a titanium oxide single layer and formed on a surface of a sulistrate. 

[001 7] In the drawings the reference numerals are as follows. 



1 


Article of the present invention 


4S 2 


Glass plate 


3 


Alkali dissolution preventive film of silicon 




Primer layer 


5 


Titanium oxide photocatalyst film 


6 


Hydrophilic film 



so 

DirrAILEP DESCRIPTION OF THE INVENTION 



[0018] It is preten-ed in the present Invention that the photocatalyst film be const'ituted of either an oxide semicon- 
ductor film made of titaniiBn oxide (Ti02) (band gap: 3.0 eV In rutile, 3.2 eV in anatase) or an oxide semiconductor film 
55 containing titanium oxide as the main component, from the standpoint of enabling the film to have high photocatalytic 
activity. Prefen-ed examples of the photocataiyst film other than such titanium oxide films include a film of strontium 
titanate (SrTiOg; band gap, 3.2 eV). 

[0019] Besides being a titanium oxide film, the photocatalyst film may be one con^rising fine titaniim oxide parti- 
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cles dispersed in, e.g., a film of silicon dioxide. 

[0020] The primer layer used in the present invention is preferably constituted of an oxide semiconductor film com- 
prising at least one metal oxide selected from the group consisting of niobium oxide (NbgOg: 3.4 eV), tin oxide {SnOa: 
3.5 eV), aluminum oxide (Al^Og: >5 eV), zinc oxide (ZnO: 3.3 eV) and zirconium oxide (ZrOg: 5.0 eV). 
5 [0021] The thickness of the primer layer is preferably 5 nm or larger. This Is because thiclcness thereof smallerthan 
5 nm results in insufficient bonding to the photocatalyst film due to a tunneling effect and hence in Insufficient supply of 
holes to the surfece of the photocatalyst film. 

[0022] The thickness of the photocatalyst film is preferably 30 nm or larger, more preferably 50 nm or larger. This is 
because thickness thereof smaller than 30 nm results in insufficient Sight absorption. On the other hand, the upper limit 
10 of the thickness of the photocatalyst film is preferably 2,000 nm. This is because ttiickness thereof exceeding 2,000 nm 
resutts in restively reduced bonding to the primer layer and hence in insufficient effect of the deposition of tfie primer 
l^er. From these standpoints, the ttildtness of ttie photocatalyst film is preferably 1 ,000 nm or smaller. 

DESCRIPTION OF THE PREFERRED EMBODIMEhfTS 

IS 

[0023] Embodiments of the present inverstion will be explained in detail below by reference to Examples and Com- 
parative Examples. 

[0024] Fig. 1 is a sectional view of one embodiment of the article having photocatalytic activity according to the 
present inventiorj. This article i having photocatalytic activity comprises a glass plate 2 as a substrate and, superposed 
20 on a surface thereof, a silicon dioxide film 3 as an alkafi dissolution preventive film, an n-type semiconductor film 4 as a 
primer layer, a photocatalyst film 5, and a silicon dioxide film 6 as a hydrophilic film. Ttie primer layer 4 and the photo- 
catalyst ftkn 5 are essentia films, while the ^kall dissolution preventive film 3 and the hydrophilic Aim 6 are optional 
films. 

[0025] Rg. 2 is an illustration showing an energy band sfructure possessed by a muieiayer structure according to 
2S the pre^nt inventbn comprising a primer layer (metal oxicte; indicated by MO^) and a titanium oxide photocatalyst film 
(TiOa). 

[0026] Rg. 3 Is an Illustration showing an energy band structure near the surface of a conventional photocatalyst 
film composed of a titanium oxide single layer and deposited on a surface of a substrate, 

[0027] As shown in Fig. 2. the energy level of the \ralence band changes at ftie interface between the n-type semi- 
30 Mnductor as the primer layer and the titanium oxide photocatalyst film, and the curve of energy level for the valence 
band is inflected so that the surface of the photocatalyst film has an elevated energy level. On the other hand, since the 
primer layer is constituted of an n-type semiconductor film and bonded to the photocatalyst film, the lower edge of the 
conduction band in an inner part of the film has a slightly higher energy than the Fermi level and the curve of energy 
level for the conduction band is inflected so that the energy becomes high in a region near the photocatalyst film surface 
35 as the position becomes closer to the photocatalyst film surface. 

[0028] The article of the present invention has the above-described inflections in energy level curve respectively at 
the interface between the primer layer and the photocatalyst film and near the photocatalyst film surface. Consequently, 
the article of the present invention is characterized by the behaviors of holes and electrons in the film depth direction. 
Namely, the energy-level holes h+ present in the valence band are apt to travel toward the photocatalyst film surface, 
40 while the energy-level electrons e' present in the conductiwi band are apt to travel toward an inner part of the photocat- 
alyst film. 

[0023] Because of this, ttie holes which have been generated by charge separation are apt to travel toward the sur- 
face of the photocatalyst film as shown in Fig, 2. The article of the present inventbn Is prevented from suffering the phe- 
nomenon in which electrons recombine with holes inside the film to result in charge disappearance and to cwne not to 
4S contribute to photocatalytic activity, as compared witti the case shown in Fig. 3, wherein a single-layer photocatalyst film 
is formed. 

[0030] The suiistrate used in the present invention is not particularly limited. Optically, the substrate may be trans- 
parent or opaque. Usable examples of the material of the substrate include metals, ceramics, glasses and plastics. 
[0031] When atransparent silicate glass plate, e.g., a glass plate manufactured by the float process, is used as the 

50 substrate, a window glass having stain resistance can be obtained. 

[0032] Many silicate glasses usually contain an alkali component such as sodium or potassium so as to secure 
meltability, moldability Into plate, etc. In the case of using a glass plate containing an alkali component, it is preferred to 
interpose an allali diffusion preventive film between the glass plate and the primer layer to thereby prevent the alltali 
component from diffusing Into tlie photocatalyst film. Examples of this alkali diffusion preventive film include a silicon 

ss dioxide film, silicon nitride film and silicon oxynitride film. Films of ofrier metat oxides are also usaWe. 

[0033] The metal oxide film made of niobium oxide, tin oxide, aluminum oxide, zinc oxide or zirconium oxide, which 
is preferred for use as the primer layer in the present invention, in itself has the ability to prevent alkali dissolution. 
[0034] The deposition of an ^kali dissolution preventive film is effective in preventing an alkali component from dif- 



4 




EP 1 074 525 A1 

fusing, upon substrate heatrng in photocatalyst film formation, into ttie photocatalyst film to hnpair the crystailinity of the 
photocatalyst film or disorder the electron stmcture thereof. "Rius, photocata lytic activity can be more effectively pre- 
vented from decreasing. 

[0035] In the present invention, a hydrophiiic film can be formed on the surface of the photocatalyst film. By the for- 
5 mation of the hydrophiiic film, enhanced hydrophilicity can be imparted to the surface of the photocatalyst film. This 
hydrophiiic film preferably has a thickness so as not to impair photocataiytic activity. From this standpoint, the thickness 
thereof Is generally 20 nm or smaller, preferably 1 0 nm or smaller, more preferably 5 nm or mailer. The hydrophiiic film 
may be formed so as to cover all or part of the photocatalyst film. The hydrophiiic film is not particularly limited in mate- 
rial as long as It Is hydrophiiic, and preferred examples ttiereof irtcltjcte films of silicon oxide, aluminum oxide, cerium 
10 oxide and zirconium oxide. 

[O036] In orberto enhance photocata lytic actrvity and hydrophilicity, the article may be made to have surface rough- 
ness by forming any of the primer layer, photocatalyst film, and hydrophilfc film so as to have a roughened surface. 
[0037] In Examples 1 to 5. a primer layer and a photocatalyst film were formed by magnetron sputtering. Common 
formation conditions are shown below. The methods used for evaluating the photocatalyst films e*»tained are shown 
IS beiow. 

Fomiation Conditions 

[0038] 

20 

Glass plate: Soda-lime silicate glass plate (15 cm x 15 em; thlcl<ness, 2 mm) 
Glass plate temperature during layer and film formation: 350°C 

Target: Metal target having dimensions of 25 cm x 38 cm x 6 mm (In forming niobium oxide primer film, niobium 
metal was used as target.) 
25 Power; 3 kWfrom direct-current power source 

Sputteiing gas atmo^hsre: Reactive sputtering in an atmosphere maintained at 0.4 Pa by introducing oxygen gas 

Evaiuatipn Methocis 

30 [0039] 

Triolein-decomposing activity: 

The surface of fte film was coated with 2.5 g of triolein (coating area: 25 cm^), and the coated surface was 
irradiated with black light (ultraviolet ray) at an Intensity of 3 mW/cm^ for 40 hours. The amourrt of ttie affiled trio- 
35 lein which remained undecomposed on fte fitn surface was measured to determine the residual amount thereof 
(wt%). 

Contact angie: The fifcn surface was irradiated with bteck light (ultraviolet) at an intensity of 3mW/cm^ for i hour. 
Imn^diateiy thereafter, the contact angle with pure water was measured with a waterdrop contact angle meter. 
Antifouling perfomiance: Relative evaluation was conducted with respect to touted state resulting from 2-month out- 
40 door exposure 

@: Obviously less fouled than a glass (hawng rto photocatalyst film) exposed simultaneously 

O '■ Less fouled, under some conditions such as southward exposure, than a glass (having no photocatelyst 

film) exposed simultaneousiy 

46 X : Almost equal in fouling to a giass (having no photocatalyst film) exposed simultaneously, and no difference 

was observed therebetween 

EXAMPLE 1 

SO [0040] A soda-lime silicate glass plate was sufficiently cleaned, heated to 350°C. and then coated on one side with 
a primer layer of niobium oxide In a thickness of 60 nm. The primer layer was formed by reactive sputtering using nio- 
bium metel as a target while introducing oxygen gas into the film formation chamber at a rate of 50 seem. The surface 
of this primer layer was coated with a photocatalyst film of titanium oxide in a thickness of 250 nm. The titanium oxide 
film was fomied by reactive sputtering using titanium metal as a target while introducing an argon/oxygen mixed gas at 

55 a rate of SO seem. Thus, Sanple 1 was obtained as an example of the article of the present invention having a photo- 
catalyst film coating. Sample 1 vras evaluated forthe perfomiances, and the results obtained are shown in Table 1 , The 
samples shown in T^le 1 , when analyzed by the X-ray diffraction method, each showed a peak attributable to anatase 
crystals, and no difference in crystailinity was observed among ttiese. 
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[0041] Samples 2 to 5 were obtained using drfferent primer l^er materials, and the evalu^ion results therefor are 
shown in Table 1 . 



Table 1 



Sampte No. 


Multilayer structajre 


Titanium 
oxide photo- 
catalyst film 

Thickness 
(nm) 


Triolein- 
tJecomposing 
activity (resid- 
ua! amount,%) 


Contact angle 
with water 
(degree) 


Anti-foufing 
performance 




Primer jayer 












Ingredient 


Thickness (nm) 










(Example) 














Sample 1 




50 


250 


0 


9 


® 


Sample 2 


AI2O3 


50 


250 


0 


10 


@ 


Sample 3 


SnOg 


50 


250 


58 


18 




Sample 4 


Zr02 


50 


250 


54 


18 




Sample 5 


ZnO 


50 


250 


35 


14 


® 


(Comparative 
Example) 














Comparative 
Sample 1 


None 




250 


74 


25 


X 



COMPARATIVE EXAMPLE 1 

30 

[0042] A photocataiyst film of titanium oxide was formed on a glass plate in the same manner as In Example 1, 
except that the primer layer was omitted. Thus, Comparative Sample 1 was produced. The film was tested, and the 

results obtained are shown in Table 1 above. 

[0043] Table 1 shows that the formation of the primer layers -esults in decreases in triolein residual amount, which 
35 indicates triolein-decomposing ability, and hence in enhanced pnotocatalytic activity. It can be said that the enhanced 
photocatalytic activity Increases the hydrophilicity of the film surface and imparts antlfouling performance. The results 
for Samples 1 to 5 show that use of niobium oxide, aluminum oxide or zinc oxide as a primer layer results in fiigher pho- 
tocataiytic activity of the photocataiyst film and hence in better anWouling properties. It was found that the most pre- 
ferred primer materials among those are niobium oxide and aluminum oxide from the standpoint of imparting such 
40 performances. 

EXAMPLE 2 

[0044] The same procedure as in Example 1 was conducted, except that a niobium oxide film was formed as a 
45 primer layer in different thicknesses. Thus, Samples 6 to 8 were produced to examine the Influence of f«-imer layer thick- 
ness on catalytic activity. The evaluation results forfrie films are shown in Table 2. 
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mie2 



5 


Sample No. 


Multilayer structure 


Titanium 
oxide ptioto- 
catali^t film, 
Thickness 


Trloleln- 
decomposing 
activity {resid- 
ual amount,%) 


Contact angle 
with water 
(degree) 


Antl-fouling 
performance 


10 




Primer layer 














Ingredient 


Thickness (nm) 












(Example) 
















Sample 6 


NbgOg 


20 


250 


0 


10 


® 


IS 


Sample 7 




10 


250 


0 


g 


® 




Sample 8 


Nb^Os 


5 


250 


0 


9 


® 




(Comparativfi 
Example) 
















ComparaUve 
Sanple 2 


NbgOg 


1 


250 


77 


25 


X 



COMPARATIVE EXAMPLE 2 



[0045] The same procedure as in Example 1 was conducted, except that a niobium oxide fi!m was formed as a 
primer layer In a different thickness. Thus, Comparative Sample 2 was produced. The evaluation results for the film are 
shown in Table 2 above. Table 2 shows that formation of the primer layer In a thickness not smaller than 5 nm results in 
a reduced residual triolein amount and satisfactory antifouling properties. TTisse results in combination with the results 
30 for Sample 1 show that the residual triolein amount was not influenred by the thickness of the primer layer in the range 
of from 5 to 25 nm, and that the primer layer almost fully produced its effect when it had a thickness as small as 6 nm. 
Practically, the thickness thereof may be 3 nm. In contrast, when the primer layer thickness was 1 nm or smaller, the 
primer layer was ineffective in improving the activity of the photocateliret film as in Comparative Sample 2. 

35 EXAMPLES 

[0046] The same prtxiedure as in Example 1 was conducted, except that the tenrperature of the glass plate in the 
fomiation of a 50-nm niobium oxide film as a primer layer and a 250-nm titanium oxide fihi as a photocatalyst film in a 
multilayer constituHon was changed. Thus, Samples 9 to 12 were produced. The e\raluation results c*)tained are shown 
40 in T^e 3. 



Table 3 



Sample No. 


Glass temperature in 
photocatelyst film for- 
mation ("C) 


Trloleln-decomposing 
activity (residual 
amount, %) 


Contact angle with 
water (degree) 


Anij-foullng perfoim- 
ance 


(Example) 










Sample 9 


300 


0 


10 


® 


Sample 1 0 


250 


4 


11 


® 


Sample 1 1 


150 


12 


12 


o 


Sample 1 2 


No heatirtg 


34 


15 


o 



[0047] Table 3 shows that by fomning Bie primer layer, photocatalytic activity can be obtained withcHrt heating the 
glass plate. This means that even in the case of using a substrate made of an organic resin having relatively poor ther- 
mal resistance, photocatalytic activity can be imparted to a surface of the substrate without deteriorating the substrate. 
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Samples 9 to 12 each showed an X-ray diffraction peak attributabie to anatase crystals, although they varied in peak 
intens'fty. 

EXAMPLE 4 

[0048] The same procedure as In Example 1 was conducted, except that the thickness of the photocatalyst film was 
changed. Thus, Samples 13 to 16 wrere produced. The evaluatiwi results obteined are shown in Table 4. 

COMPARATIVE EXAMPLE 3 

[0049] The same procedure as in Example 1 was conducted, except that the thickness of the photocatalyst film was 
changed. Thus, Comparative Sample 3 was produced. The evaluation results otjtained are shown in Table 4. 



Table 4 



20 


Sample No. 


Multilayer struchjre 


Titar^um 
oxide photo- 
catalyst film, 
Thickness 
(nm) 


Trlolem- 
decomposlng 
activity (resid- 
ual amount.%) 


Contact angle 
with water 
(degree) 


Ariti-fouling 
performance 






Primer layer 














Ingredient 


Thickness (nm) 












(Example) 
















Sample 13 


NbjOE 


50 


20C 


0 


9 






Sample 14 


Nb^Os 


50 


150 


8 




® 




Sample 15 




50 


50 


17 


13 


o 


30 


Sample 16 


Nb^Os 


50 


30 


36 


15 


o 




(Comparative 
Example) 














35 


Comparative 
Sample 3 


NbgOft 


50 




87 


24 


X 



[0050] Table 4 shows that the thickness of the phoiocatalyst film is preferably 30 nm or larger, more preferably 50 
nm or larger. Ort the other hand, when the thickness thereof was 1 5 nm, almost no photocatalytic function was obtained, 

40 

EXAMPLE 5 

[0051] An SiOg film having a thickness of 20 nm was formed as an alkali dissoiuSon preventive film by high-fre- 
quency sputtering using quartz glass as a target. Thereafter, a primer layer and a photocatalyst film were fomied suc- 

4S cessively on the alkali dissolution preventive film in the same manner as in Example 1. Thus, Sample 17 was produced. 
Furthermore, Sample 1 8 was produced by forming a hydrophilic film of SiOe having a thickness of 1 0 nm on the photo- 
catalyst film. The test resufts for these films are shown in Table 5. Sample 18 had improved surface hydrophiiicity 
although slightly reduced in photocatalytic activity as determined through the triolein decomposition test. Sample 17, 
which had an alkali dissolution preventive film, was ahrjost equal to Sample 1 in ftiolein-decomposing activity and con- 

50 tact angle wrttt water (hydrophiiicity). 
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Tables 





lution pre- 
ventive 




Photocata- 
lyst film 


^ film 


decompos- 
ing activity 

(residual 
amount, %; 


Contact 
angle with 

water 
(degree) 


Anti-fouling 
perfomn- 
ance 


(Example) 
















Sample 17 


SiOg (20) 


Nb205 (50) 


TiOg (250) 




0 


9 


® 


Sample 18 


SIO2 (20) 


NbgOg (50) 


Ti02 (250) 


Si02 (10) 


14 


7 




Note 1: The numeral In each parenthesis, indicates thi<*ness (nm). 



EXAMPLE 6 

[0052] A tin oxide film having a thickness of 600 nm was formed as a primer layer on a heated glass plate having a 
soda-lime silicate composition by CVD (chemical vapor deposition) using dibtityitin dichloride as a starting material. On 
this coating film was formed a titanium oxide photocatalyst fiim having a thickness of 60 nm by the soi-gel method using 
a coating liquid containing titanium tetraisopropoxide. Thus, Sample 1 9 was produced. The coating liquid was prepared 
by chelating 0.032 mol of titanium tetraisopmpoxide vnth 0.064 mol ol acetylacetate and adding 93 m! of ethanol and 
0.004 mol of acetc acid to the chelate. The titanium oxide film was formed by dipping the glass plate In this coating liq- 
uid, pulling up the glass plate (pulling rate, 9.0 mm/sec), and then burning the coating at SOCC for 30 minutes. The pho- 
tocatalytfc activity of sample 1 9 was evaluated through various oxidation reactions and reduction reactions. The results 
obtained are shown in Table 6. The thus-obt^ned titankim odde film of Sample 1 9 contained anatase crystals, and the 
diffractiort peak intensity for the (1 01) plane of the anatase crystals was 12.6, which was on abnost the same level as 
that in Comparative S^ple 4 (13.2). 



Table 6 





Sample 19 


Comparative Sample 4 


1) 


Rate of oxidative photodecomposition of formic acid (10'^ mol/hr) 


4.1 


1.3 


2) 


Rate of oxidative photodecompcsltion of 1,3,5,7-tetramethylcydotet- 
rasiloxane monomolecular film (degree/min) 


1.7 


0.6 


3) 


Degree of oxidative decomposition of otek; acid (%) (light irradiation: 
168 hours) 


70.6 


34.7 


4) 


Ftete of oxidative decomposition of acetaidehyde (ppm/hr) 


43.4 


29.2 


5) 

6) 


Rate of silver precipitation through photoreduction (10"'' mol/hr) 

Rate of photoreduction of bis{2-dipyridyl) disulfide to 2-mercaptopyri- 

dine (10''' mol/hr) 


0.83 
0.71 


1.4 

1.1 


7) 


Crystals of titanium oxide film 


Anatase 


Anatase 


8) 


Intensity for (101) ptene of anatase ciystals (arbitrary unit) 


12.6 


13.2±0.6 



COMRARATiVE EXAMPLE 4 

[00531 The same procedure as in Example 6 was conducted, except that the tin oxide primer layer was omitted and 
the glass plate was replaced with a quartz glass plate. Thus, Comparative Sample 4 was produced, which consisted of 
the quartz glass plate and a titanium oxide photocatalyst film deposited thereon. The test results for the film obtained 
are shown in Table 6. The titanium oxide film of ConparatKre Sample 4 t*tained also contained anatase crystals and 
had slightly sati^actory crystal I inity. The fihi was thought to be partly amorphous and partly crystalline, 
[0054] The photocatalyst film of Sample 1 9, which had a primer layer, showed higher rates of oxidation reactions 1 ) 
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to 4) than the photocatalyst film of Comparative Sampie 4 but had lower rates of reduction reactions 5) and 6) tlian the 
comparative film. For eoliancing the property of preventing the fouling caused by adherent wganic substances, etc., it 
is important to heighteo the rates of oxidative decomposition reactions. From this standpoint, the photocatalyst film 'of 
Sample 1 9 according to the Invention was found to have excellent ^tlfouling properties. 



[0055] A soda-lime silicate glass plate was coated by the sol-gel method with a three-layer coating composed of a 
silicor! dioxide film as an alkali dissolution preventive fl»m, a tin cHoxIde film as a primer layer, and a titanium oxide film 

10 as a photocatalyst film. Thus, Sample 20 was produced. The photocatalyst film obtained was tested for catalytic activity 
in oxidative decomposition reactimi of Acid Blue 9. The resutts obtained are shown in Table 7. 
I0CS6] Sample 21 was furthw produced by coating a soda-lime silicate glass plate by the sol-gel method with a 
three-la^r coating composed of a silicon dioxide film as an alkali dissolubon preventive film, a zirconium oxide film as 
a primer layer, and a titanium oxide film as a photocatalyst film. This photocatalyst fi^ was examined In ttie same man- 

is ner, and the test resutts obtained are shown in Table 7. Details of the procedure of Sample 20 production are as follows. 
[OOSTj -me silicon diovide film was formed by preparing a coating fluid using tetraethoxysilane as a starting mate- 
rid, applying the coating Uu.n. by spin coating (1 ,500 rpm), predrying the coating at 320°C for 5 minutes, and then burn- 
ing it at 500°C for 1 h .1%,- 

I0058J The tin oxioe *!!r.-i was formed by adding 1 .59 g of acetylacetons and 25.62 g of ethyl Cellosolve to 2.79 g of 
SO stannic chloride hydrate to prepare a coating liquid, applying tne coating fluid by spin coating (1 ,500 rpm), and drying 
the coating at SaCC for 5 minutes. 

[0059] The titanium oxide film was fornied by adding 7.53 g of acetyiacetone and 41.79 g of ethyl Cellosolve to 
10.68 g of tltarJum isopropoxide to prepare a coating fluid, applying the coating liquid by spin coating on the surface of 
the tin oxide film ttrtiich had been cbied at 320'>C. predrying the coating at 320°C for 5 minutes, and then burning it at 
2S 620''C for 6 minutes. 

[0060] The alkali dissolution preventive film and titanium oxide film of Sample 21 were deposited in the same man- 
ners as for S^T^Ie 20. 

[0061] The 2in:onium oxide film was formed by adding 5.07 g of ethyl acetoacetate m\6 47.46 g of ethyl Cellosolve 
to 7.47 g of zirconium tetrabutoxide to prepare a coating liquid and drying the ^plied coating liquid at 320°C for 5 min- 
30 utes. 

[0C»2] For evaluating catalytic activity in an oxidation reaction thought to contribute to fouling prevention, a test liq- 
uid was used which had been prepared by dispersing Acid Blue 9. an organic pigment, into po!y(vinyl alcohol). This test 
liquid was applied on the surface of the photocatalyst film by spin coating and then irradiated with black light at 3 
mW/an^ for 1 0 minutes. From the difference between the absorbance before the irradiation and that after it, the rate of 
35 oxidative decomposition of Acid Blue 9 was detemnined. 



COM WFtATiV E EXAMPLE S 



[0063] The same procedure as for Sample 20 in Ex^f^e 7 was conducted, except that the primer layer was omit- 
40 ted. Thus, Comparative Sample 5 was produced. The film obtained was tested in the same manner as in Example 7, 
and the resutts obtained are shown in Tabie 7. The samples shown in Table 7, when analyzed by the X-ray diffraction 
method, each showed a peak attribut^le to anatase crystals. In each of these X-ray diffraction patterns, the peak attrib- 
utable to anatase crystals was broad, indicating ftat the crystallization was incomplete. No difference was observed 
among these samples. 
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Table 7 





Sample 


A!l<ali dissolution preven- 
tive film 


Primer layer 


Photocatalyst film 


R^e of decomposition of 
Acid Blue 9 (relative 
value) 




(Example) 












Sample 20 


3102(100) 


SnOa (60) 


Ti02 (90) 


7.06 




Sample 21 


SiO2(100) 


2r02 (60) 


TiO^ (90) 


7.42 




(Cwnparative Exam- 
ple) 










15 


Comparative Sample 5 


SiO2(100) 




TiOg (90) 


4.11 


Note 1: The numeral in each parenthesis indicates thkdcness (nm). 








Note 2: Each relative value is based on the decompo^txi rate for comparative sample 6 in Table 8, which was taken 
as 1.00. 



[0064] Table 7 shows that the decomposition rate vras increased by forming a primer layer. Namely, it was found 
that photocatalylic actrvity es impnaved by interposing a primer layer between the glass plate and the photocatalyst film. 

EXAMPLES 

[0065] A silicon dioxide film as an alkali dissolution preventive film was formed on a soda-lime silicate glass plate 
by the sol-gel method. On this film was formed a tin oxide film as a primer layer by the sol-gel method. A film consisting 
of silicon dioxide as a matrix and fine titanium oxide particles dispensed therein was further formed as a photocatalyst 
film on the primer layer by the soi-gei method. Thus, Sample 22 was produced, which had a three-layer coating. 

30 [0066] Sample 23 having a three-layer coating was produced in the same manner as for sample 22, except that the 
primer layer was replaced with a zirconium oxide film. Furthermore, Sample 24 having a three-layer coating was pro- 
duced in the same manner as for Sample 22, except that the primer layer was replaced with a niobium oxide film. 
[0067] The silicon oxide film, tin oxide film, and zirconiun-i oxide film were deposited by the same methods as in 
Example 7. The niobium oxide film was formed by applying coating fluid GIP-Nb04-1 (trade name), manufactured by 

35 Glken Kagaku K.K., by spin coating and drying the coating at 320'C for 5 minutes. 

[0068] The photocatalyst film was deposited by mixing 6 g of coating fluid ST-K03 (trade name) for photocatalyst 
deposition (conteining SiOj and TiOg in a ratio of 50:50 by weight), manulactured by Ishihara Sangyo Kalsha, Ltd., with 
9 g of ethyl Cellosolve, applying me diluted coating fluW by spin coating, preburning the coating at 320°C forS minutes, 
and then burning it at 620°C for 6 minutes. 

40 

COMPARATIVE EXAMPLE 6 

[0069] The same procedure as for Sample 22 in Exanple 8 was conducted, except thatthe primer layer was omit- 
ted. Thus, Comparative Sample 6 was produced, which had a two-layer coating. Hie test results for ttie film obtained 
« are shown in Table 8. The samples shown in Table 8, when analyzed by ttie X-ray diffraction method, each showed a 
distinct diffraction peak attributaliiMe to anatase crystals. 
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Table 8 



5 


Sample 


Alkali dissolution pre- 
ventive film 


Primer layer 


PhDtocataiyst film 


Rate of decomposition 
of Acid Blue 9 (relative 
value) 




(Example) 










10 


Sample 22 


SiO2(100) 


SnOg (60) 


St02 containing dis- 
persed TiOg particles 
(120) 


7.67 




Sample 23 


SiO2(100) 


;&O2(60) 


SiOg containing dis- 
persed TiOj particles 
(120) 


1.55 




Sample 24 


SiO2(100) 


NbgOg (60) 


SlOg containing dis- 
persed TiOj particles 
(120) 


2.75 


20 


(Comparative Exam- 
ple) 












Comparative Sample 6 


SiO2(100) 




SiOj containing dis- 
persed TiOg particles 
(120) 


1.00 




Note 1 : The numeral in e 


ach parenthesis indicates thickness (nm) 








Note 2: Each relative value is based on the decomposition rate for comparative sample 6, which was tal<en as 1 ,00. 



[0070] Table 8 shows ttiat use of a thin, transparent silicon dioxide film containing fine fltenium oxide particles dis- 
30 persed therein as a photocatalyst film was also effective in improving photocatalytic activity. 

[0071J The article of the present invention has a multilayer stnjcture which comprises a substrate, a first n-type 
semiconductorfilmas a primer layer fonned over a surface of the substrate, and a photocatalyst film made of an n-type 
semiconductor and formed on the primer layer, and in which the first n-type semiconductor film as the primer layer has 
a larger energy band gap than the photocatalyst film. Due to this constitution, holes are apt to move to areas near the 
35 surface of the photocatalyst film, whereby electron/hole recombination within the photocatalyst film is inhibited. Since 
electrons and holes are thus inhibited from recombining and thereby coming not to contribute to photocatalytic activity, 
the article has photocatalytic functions effectively imparted thereto. 

(00721 When an oxide semiconductor film comprising titanium oxide is used as the photocatalyst film and an oxide 
semiconductor film comprising at least one metal oxide selected from the group consisting of niobium oxide, tin oxide, 
40 aluminum oxide, zinc oxide and zirconium oxide is used as the primer layer, then photocatalytic activity can be effec- 
tively imparted to the article. 

[0073] When the thickness of the primer layer and ftat of the photocatalyst film are regulated to 5 nm or larger and 
to from 30 to 2,000 nm, respectively, then photocatalytic activity can be effectively imparted to the article. 
[0074] Furthermore, when the substrate is a transparent silicate glass plate andthe article has, interposed between 
4S the glass plate and the primer layer, an alkali diffusion preventive film serving Id prevent the alkali ingredi©nt(s) con- 
tained in the silicate glass from diffusing into the photocatalyst film, then photocataiyfc activity can be effectively 
imputed especially in the case where tiie substrate is heated to a high temperature in forming the photocatalyst film. 

Claims 

so 

1, An article having photocatalytic activity which comprises a substrate, a first n-type semiconductor film as a primer 
layer formed over a surface of the substrate, and a photocatalyst film made of an n-type semiconductor and formed 
on the primer layer, said first n-type seniconductor film as the primer layer having an energy band gap larger than 
that of said photocatalyst film. 

55 

2. The article having photocatalytic activity as claimed in claim 1 , wherein the photocatalyst film is an oxide semicon- 
ductor film compri^ng titanium oxkie. 



12 



i 



EP 1 074 525 A1 

3. The article having photocatalytic activity as claimed in claim 1 , wherein the first n-type semiconductor film as the 
primer layer Is an oxide semiconductor film comprising a1 least one metal oxide selected from the group consisting 
of niobium oxide, tin oxide, aluminum oxide, zinc oxide and zirconium oxide. 

5 4. The article having photocatalytic activity as ciaimed in claim 1 , wherein the primer layer has a thickness of 5 nrn or 
larger. 

5. The artide having photocatalytic a<aivity as claimed in claim 1 , wherein the photocatelyst film has a thickness of 30 
to 2,000 nm. 

6. The article having photocatalytic activity as claimed in ciaim 1 , wherein ttie substrate !s a transparent glass plate. 

7. The article having photocatalytic actlwty as claimed in claim 6, which has, interposed between the glass plate and 
the primer layer, an alkali diffusion preventive film which serves to prevent any alkali ingredient contained in the 

IS glass from diffusing into the photocatalyst film. 

8. The article having photocatalytic activity as ciaimed in ciaim 1 , which has a hydrophific film formed on the surface 
of the photocatalyst film. 

20 9. The article having photocatalytic activity as claimed in claim 7, which has a hydropiiilic film formed on the surface 
of the photocataiyst film. 
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FIG. 1 




FIG. 2 

MOx . T1O2 SURFACE 
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FIG. 3 
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0 Architectural material using metal oxide exhibiting photooatalytic activity. 



0 A metal-oxide layer exhibiting a photocatalytic 
i-> activity function is formed on the surface of an 
^ inorganic architectural material, such as external wall 
1^,^ material, roofing matwial, internal wall material, floor- 
Is, ing material, and ceiling material, Including glass. 
^ tile, concrete, stone, metal, and the like, so as to 
Q provide the property of deodorizing a space coming 
a in contact with the architectural material, and an- 
Irt. timold, antisoiling properties, and ultraviolet-ray ab- 
Q sorbency of the surface of the architectural material, 

as well as the long-term maintenance of these prop- 
Bj erties. Preferably, the metal-o>dde layer is formed by 

fixing a metal-oxide thin film on the surface of the 

archftecftjral material. Alternatively, the metal-oxide 



layer is formed as an architectural material in which 
ttie surface thereof and its vicinity are mainly formed 
of a metal mixture including a metal oxide, such as 
titanium oxide, and palladium for improving 
photocatalylic activity, or a metal mixture including a 
metal constituting the metal oxide, such as titanium, 
and a composite of a second metal, while its inner 
portion is substantially formed of a metal mixture 
including titanium or a composite of titanium and 
palladium, the surface and its vicinity as we!! as the 
inner portion being formed continuously. As a meth- 
od of manufacturing the latter architectural material, 
a metal mixture, i.e., an alloy, of titanium and a metal 
for improving frfiotocataiytic activity, such as pal- 
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ladium, is fabricated, and after alloy is processed 
into a desired shape, the processed alloy is sut>- 
jected to oxidation treatment. 
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BACK3R0UND OF THE INVENTION 

Field of the invention: 

The present Invention relates to an architectural 
rrtaterial, and more particularly to an architectural 
material excelling in deodorising, antimold, and an- 
ttsoiling properties, and further to an architectural 
material excelling in peel resistance kkI durabiUty, 
as well as a simple nnethod for nnanutacturing an 
architectural material excelling In the deodorizing 
property and durability. 

Description of the Related Art: 

As environmental (xcAslems have come more 
into focus, issues of dMxJoriang indoor spaces, 
and arrtlmold and antisoiiing properties of architec- 
tural material surfaces, and the like have come to 
attract attention. 

Concerning deodorization, a method is convwi- 
tionaily known in which an apH^araftiS ar a piece of 
equipnnent is used for exhausting unwanted odors 
to the outside. As for antimold needs, the removal 
of molds by means of chemicals is performed by 
selecting an appropriate chemical according to the 
kind of mold. Regarding antisoiiing needs, periodi- 
cal cleaning by a person is only carried out. 

Odors, molds, and soiling are essentially attrib- 
utable to microorganisms, such as bacteria, yeasts 
and molds, animal and plant cells. Accordingly, 
the attempt to deodorize and prevent mdds and 
fouling can, in principle, be considered as the de- 
struction of these cells, i.e., sterilization. Generally 
known methods of sterilization include healing, irra- 
diatiCHi with ultraviolet or other radioactive rays, cell 
destruction by means o1 ultrasonic waves, elecbic 
sterilization, gas sterilization, and sterilization using 
chemicals including antibiotics. In addition, a ster- 
ilization method using fine particles of a photo- 
semiconductor is aiso known. As part of this line of 
effort, basic research is being undertaken on the 
removal of organic and inorganic contaminants in 
water and air by using titanium dioxide 
photocatalysts. Namely, semiconductors such as 
titanium dioxide are known to exhibit a 
photocatalytic function by means of a light of a 
specific wavelength and possess deodorizing and 
antimold functions through their powerftjl oxidizang 
action. It is stated on page 211 of Vcrf. 13. No. 5 
(1985), of the "Bohkinbohkabi (Fungus and htold 
Prevention) Journal" that a fixed film consisting of 
fine particles of titanium dioxide is useful as a 
sterilizing reactor. In addition, Japane^ Patent 
Publication No. 9850/1990 discloses a method of 
purifying wastes by the use of a semiconductor, 
such as titanium oxide, which ca'ries a metal or a 
met^ oxide therein. 



Conventionally, titanium dioxide, iron oxide, 
tungsten oxide, silicon oxide and ttie like having a 
semiconductor function, or such metals carrying a 
second metal, such as platinum, thereon for the 

s purpose of improving the cataSytic function are 
used as photocatalysts. To make use of the de- 
odorizing and antimold functions, such metals are 
pulverized into fine particles to form a fixed film on 
a surface, or the fine particles are used by being 

70 dispersed in an object to be treated. 

Although various studies have i^een made re- 
garding methods of imparting the deodorizing and 
antimold furetions to architectural mat^ials by 
making use of the photocatalytic funcfion, in accor- 

16 dance with the above-described method, particles 
are troublesome to h^le as materials. The known 
fixed films have only been used experimentaUy, 
^d th«r strength is not sufficient. The fabrication 
of semiconductor materials into thin film lias been 

20 industrially difficult, and has not yet been put to 
practical use. 

As described above, for deodorizing, an ap- 
paratus or piece of equipment must have a sophis- 
ticated function and made large in size, which 

25 results in high running cost and is clearly un- 
economical. Moreover, since air is exhausted 
through an opening of a limited size, it is extremely 
difficult to deodorize the entire indoor space. The 
conventional antimold method is no more than a 

30 short-term measure, and the long-term mainten- 
ance of the antimold property remains unresolved. 
As for the antisoiiing property, if the cleaning of the 
outer wall surfaces of large buildings is considered, 
huge expenses are required for manpower needed 

35 for cleaning, and. sirK;e the long^emi maintenance 
of the antisoiiing property is not ensured, repealed 
cleaning operafions ax& unavddably carried out. 
Furthermore, as for the deodorization, antimolding, 
and antisoiiing of architectural materials, the con- 

40 ventional sterilization methods are either innprac- 
tical or difficult to put to practical use in the light of 
long-term maintenance, economy, technical difficul- 
ties, inexperience in techniques, and the like. 

45 SUMMARY OF THE INVENTION 

In view of the above-described circumstances, 
it is a primary object of the present invention to 
provkje an architectajral material which excels in 
so the property of deodorizing an indoor space which 
comes in contact with the architectural materia! 
in antimold and antisoiiing properties, as well as 
ultraviolet-ray absorbency of the surface of frie 
architectural material, and excels in the long-term 
55 maintenance of ttiese properties and economic effi- 
ciency, without impairing features of design. 

A second object of ttie present invention is to 
provide an architectural materia! which, in addition 
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to deodorizing and antimold functions Imparted by 
u^ng a photocatalytic function, has liigh efficiency 
in the photocatalytic function, is easy to manufac- 
ture, has high strength, excels in the peel resis- 
tance and duratwlity, and facilitates processing Into 
a shape suited to a purpose. 

A third object of the present invention is to 
provide a simple method of manufacturing an ar- 
chitectural material which is uniform and excels in 
durability and deodorizing and antimold effects. 

The present inventors took note of the prop- 
erties of metal oxides, architectural materials, char- 
acteristics of light and the like. As a result of 
conducting strenuous research the inventors at- 
tained the objects and comfrieted the present in- 
vention by providing a layer exhibiting 
photocat^ytic activity on the surfaces of materials 
of various kinds. 

Furthermore, the present inventors attained the 
objects and compleited the invention by combining 
architectural materials of various kinds with metal 
oxides exhibiting photocatalytic activity and capa- 
ble of forming a desired transparent film. 

The architectural material in accordance with a 
first aspect of the present invention, when seen as 
a basic material, includes nonferrous inorganic ma- 
terials such as glass, stone, stone-quality products, 
and sintered clay products; metallic inorganic ma- 
terials such as iron and steel products; and organic 
materials such as wood, wood-quality products, 
and high polymer and plastic products. On these 
architectural materials, a ttiin film of a metal oxide 
needs to be formed. In this case, inorganic materi- 
als and heat-resistant org^ic materials are prefer- 
aUy used since the architectural materials are 
formed at a high temperature ol, for instance, 
400 " C and because of their affinity witti the metal 
oxides. In a case where the formation of a thin film 
is possible at a relatively low temperature, ordinary 
organic materials may be used. 

The architectural material in accordance with 
the present invention is used suitably as an exter- 
nal wall material, a roofing material, an internal wall 
material, a flooring material, a ceiling material, and 
so on. More specifically, the architectural material 
is used for exterior surface portions including the 
external wall (including glass windows) and roof 
tiles, and interior surface portions such as interior 
walls of a living room, a toilet room and the like, a 
floor, and a ceiling. As specific examples of in- 
organic materials used for these portions, it is 
possible to cite glass, tile, tiles used tea- roofing, 
concrete, stone, metal, and composite materials 
thereof. 

The metal oxide used in the present invention 
may be any of the semiconductors insofar as they 
are activated upon being irradiated with light and 
drive oxidation and reduction reaction. For exam- 



ple, it is possible to use at least one compound 
selected from the group consisting of titanium diox- 
ide, iron oxide, silver oxide, copper oxide, alu- 
minum oxide, tungsten oxide, silicon oxide, zinc 

5 oxide, and strontium titanate. Also, metals or oUier 
metal oxides modifying this metd oxide may be 
used suitably for promoting the photocatalytic reac- 
tion, and it is possible to use at least one com- 
pound selected from the group consisting of, for 

to example, platinum, palladium, gold, silver, copper, 
nickel, rhodium, niobium, tin, cobalt, ruthenium ox- 
ide, and nickel oxide. As the amount added to 
modify the metal oxide, it is preferable to use such 
metals or metal oxides in the range of from 0.01 to 

)6 20 wt.% with respect to the metal oxide in the 
present invention. 

As the mettiod of preparing the aforementioned 
metal oxide, the metal oxide may be prepared by 
high-temperaUJre antering of a metal, electrolytic 

20 oxidation, a chemical deposition process, a vacuum 
deposition process, a coating process, a 
coprecipitation process, an evaporaticm oxidation 
process such as a metallic hatogenaSon process, 
neutralization ^ hydroly^s of an inorganic metal 

25 salt, hydrolysis of a meta! alkoxide, and a sol-gel 
process. Alternatively, a commercially available 
product may be used. As the method of modifying 
the aforementioned meta! or other metal oxide, it is 
possible to use a conventionally used method, 

30 such as a impregnation method, a precipitation 
method, an ion-exchange method, an optoelec- 
trodeposition method, a kneading method. 

In the present invention, as for the method of 
forming a thin film of a metal oxide on the architec- 

35 tural material, a method is adopted in which a 
metal oxide is fixed on a part ch' the whole of a 
surface of an architectural material having a planar, 
curved or complicated surface through at least one 
method, including spray cx»ating, dip coating, spin 

40 coating, and sputtering. 

The metal oxide thin film formed as described 
above has deodorizing and antimold properties. Its 
structure, when seen microscopically, is porous, so 
that the strength of the film itself and the bonding 

4S force with respect to the architectural material, i.e., 
the base, are insufficient. As a result, there is a 
possibility that the thin film may become broken or 
peeled off while in use. Accordingly, to improve the 
film strength and the bonding force with respect to 

50 ttie base, it is preferable to effect heat treatment. 
The conditions of heat treatment may be selected 
in accordance with the kind of metal oxide used, 
the strength and the deodorizing and antimold per- 
formance which are required of a portion for which 

55 the architectural material is used. For instance, in 
the case of titanium oxide, heat treatment is effec- 
ted in the temperature range of from 1 00 to 800 * C, 
preferably 200 to 600 ° C. If ttie temperature is less 
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than "tOO'C, the t)onding force is insufficient. On 
the other hand, if the temperature exceeds 800 "C, 
It is undesirable since the crystalline structure of 
the metal oxide undergoes a change, the 
^otocatalytic activity is tost, and an internal crack 
occurs due to the difference in the coefficient of 
thermal expansion between the film and the base 
during cooling, resulting in a decline in the bonding 
force. Heat treatment is performed tor about 20 to 
120 minutes in an electric furnace. The architec- 
tural material is subsequently allowed to gradually 
cool to room temperature. Sudden cooling is un- 
desirable since a crack will occur due to the dif- 
ference in the coefficient of thermal expansion t>e- 
tween the film an6 the base, causing a decline in 
the bonding force. 

The transparency of the above-described ttiin 
film is an important element in forming a thin film 
on an architectural material having a feature of 
design, such as glass. By setting the film thickness 
of the metal oxide to several microns or there- 
abouts, it is possible to obtain a transparent thin 
film having deodorizing and other functions. How- 
ever, in a case where transparency is not necessar- 
ily required, the advantages of the present inven- 
tion are not hampered even if this element is not 
taken into consideration. 

Light energy based on irradiation, which is 
used in the present invention, includes a 
wavelength region corresponding to the exdtation 
of photocatalysis. Specifically, it is preferable to 
use light energy w^ich includes an ultraviotet 
wavelength below 400 nm, which contributes to the 
firfiotocatalytic reaction. As the light energy source, 
it is possible to cite a natural light source from the 
sun, as well as an artificial light source such as 
light from a mercury lamp, light from a fluorescent 
lamp, light from a filament lamp like a halogen 
lamp, light from a short-arc xenon lamp, and a 
laser beam. In addition, as an auxiliary light source 
lor the rays of the sun, an artificial light source may 
be used concurrently. 

As the method of irradiation, it is possible to 
use a method in wrtiich the light is directly radiated 
onto tiie metal-OMde thin film formed on the ar- 
chitecture material, or, in the case of a transparent 
architectural material such as glass, it is possible to 
use a method In which the light is radiated onto the 
thin film therettirough, or sunlight and artificial light 
are used jointiy to irradiate the thin film from var- 
ious M?gles. 

In the present invention, if the light is radiated 
onto the material on which a metal-oxide thin film 
exhibiting photocatalytic activity is formed, odors, 
molds, and substances constituting causes of soil- 
ing (hereafter referred to as unwanted substances), 
which adhere to or are in contact with the surface 
of the architectural material where the thin film is 



formed, can l3e decomposed and removed at nor- 
mal t^perature photochemically through the 
photocatalysis of the thin film. Accordingly, unlike 
conventional techniques, physical labor, large-scale 

s equipment and facilities, and maintenance are 
practically unrequired. At the same time, since 
such inexhaustible energy as sunlight can be used 
as the light energy, unwanted substances can be 
decomposed and removed very economically and 

10 simply. As compared with conventional catalysts, 
such as oxidation catalysts, the metal oxide used 
as the photocatalyst in the present invention under- 
goes a small decline in activity due to heat deterio- 
ration and poisoning elements, so that the functions 

rs of decomposing and removing the unwanted sub- 
stances, i.e., the deodorizing property, the antimold 
property, and the antisoiling fwoperty are main- 
tained over long periods of time. In addition, the 
architectural material with a thin film formed there- 

20 on in accordance with the present invention ab- 
sorbs ultraviolet rays. Accordingly, if the present 
invention is applied to window glass with the thin 
film formed thereon, since the light passing there- 
through does not include harmful ultraviolet rays, 

26 adverse effects are not exerted on human bodies, 
and it is possible to prevent the deterioration of 
interior materials such as the coating in a living 
room, wall covering, and tatami mats. 

As the mechanism of decomposing and remov- 

30 ing unwffliied sidjstances on the metal-oxide thin 
film, which shows the photocatalytic activity, as the 
light energy is made incident upon the metal-oxide 
ttiin film by irradiation, reaction-active electrons and 
holes are produced on the surface of the metal 

36 oxide. These electrons and holes react directly with 
the unwant^ substances, or active OH radicals, 
which are produced as the electrons and holes 
react with water, react with the unwanted sub- 
stances. This is considered to be the mechanism 

40 of reforming the unwanted substances. In addition, 
even if the reactivity of the above-described 
photocatalyst itself is not intense, the absorbed 
light energy is converted into heat, presumably 
making it possible to accelerate the reaction. 

45 Next, a description will be given of the ar- 

chitectural material in accordance with a second 
aspect of the present invention. 

The architectural material in accord^e with 
the second aspect of the fwesent invention is stnic- 

50 tured such that tfie surface of the architectural 
material and its vicinity are formed of a metal 
mixture including a metal owde whlcSi e>diibits a 
photocatalytic function, sudi as titanium dioxide, 
and a second metal for improving the 

55 photocatalytic function, and its inner portion is 
formed of a metal mixture including a metal of the 
same kind as that which constitutes that metal 
oxide, such as titanium, and the second metal for 
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imiM-oving the photocatalytic function, the surface 
and its vicinity as well as ttie \m& fXJrtlon being 
formed continuously. As such, a uniform 
photocataiytic phase is formed on the surface, and 
the architectural materia! demonstrates an excellent 
deodorizing and antimold effect by virtue of the 
efficient photocatalytic reaction. In acWition, since 
the photocatalytic phase is formed rigidly and con- 
tinuously, the cataiyst phase does not peel off, and 
processing is facilitated. 

In addition, in the method of manufacturing an 
architectural material in accordance with a third 
aspect of the present invention, tine architectural 
material is manufactured by forming and process- 
ing a metal mixture (an alloy) which includes a 
metal of the same kind as the metal constituting 
the aforementioned met^ oxide, such as titanium, 
and a second metal for improving ttie 
photocatalytic function, and then subjecting the 
metal mixture to oxidation treatment. Accordingly, a 
uniform architectural material of an arbitrary shape 
which excels in deodorizing and antimold effects 
can be obtained by a simple method. 

Other objects, features and adv^tages of the 
present invention will become more app^ent from 
the following detailed description of the invention 
when read In conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of an apparatus 
for evaluating a deodoriang property in accor- 
dance with an embodiment of ttie present inven- 
tion; 

Fig. 2 ts 3 diagram illusb-ating curves of acetal- 
dehyde (unwanted substance) residue rate due 
to differences in a light source in accordance 
with example 1 for evaluating the deodorizing 
property; 

Fig. 3 is a diagram illustrating curves of acetat- 
dehyde residual rate due to differences in a 
base of an architectural material in accordance 
with example 2 for evaluating the deodorizing 
property; 

Fig, 4 is a diagram iflustrating curves of acetal- 
dehyde residual rate due to differences in a 
metal-oxide thin film in accordance with exam- 
ple 3 for evaluating the deodorising property; 
Fig. 5 is a diagram illusti'ating curves of acetal- 
dehyde residual rate due to differences in a 
metal-oxide thin film in accmdance with ex^- 
pte 4 for evaluating the deodorizing property; 
Fig. 6 is a diagr^ illustrating curves of ul- 
traviolet-ray absorption by an architectural ma- 
terial of the present invention wi«i a thin film 
formed thereon in accordance with an example 
for evaluating ultraviolet-ray absorbancy; 



Fig. 7 is a cross-sectional view of the architec- 
tural material in use in the present invention with 
the thin film formed thereon, which is u^d as 
glass for an external wall portion in accordance 

5 vnOi example 1 of use; 

Rg. 8 is a cross-sectional view of the architec- 
tural material in use in the present invention with 
the thin film formed thereon, which is used as 
glass for an external wall portion in accordance 

10 with example 2 of use; 

Fig. 9 is a cross-sectional view of the architec- 
tural material in use in the present invention with 
the thin film formed thereon, which is used as 
glass for an external wall portion in accordance 

76 with example 3 of use; 

Fig. 10 is a cross-sectional view of the architec- 
tural material in use in the present invention with 
the thin film fonmed thereon, which is used as 
glass for an Interior portion in accordance with 

20 example 4 of use; 

Fig. 1 1 is a cross-sectional view of tte andiitec- 
tural material in use in the present invention with 
the thin film formed thereon, which is used for 
an external wall portion or a rool portion in 

25 accordance with example 5 of use; 

Fig. 12 is a cross-sectional view of the architec- 
tural material in use in the present invention with 
the thin film formed thereon, which is used as 
an interior material inside a building in accor- 

30 dance with example 6 of use; 

Fig. 13 is across-sectional view of the architec- 
tural material in use in the present invention with 
the thin film formed thereon, which is used for 
an indoor deodorizing device in accordance with 

35 example 7 of use; 

Fig. 14 is a cross-sectional view of the ^chitec- 
tural material in use in the present invention with 
the thin film formed thereon, which is used for 
an indoor decKJorizing device in accordance witti 

40 example 8 of use; 

Fig. 15 is a cross-sectional view of a model 
showing a composite phase in the architectural 
materia! obtained from a titanium-palladium al- 
loy; 

45 Fig. 16 is a diagram of the state of a titanium- 
palladium binary system; 
Fig. 17 is a schematic diagram of an anodic 
oxidation treatment apparatus; 
Fig. 18 is a diagram of the state of a titanium- 

50 silver binary system of a metal mixture; 

Fig. 19 is a schematic diagram of a testing 
appa-ahis for evaluating the deodorizing prop- 
erty; 

Fig. 20 is a graph showing a change in ttie 
55 residual concentration of acetaldehyde; and 

Rg. 21 is a schematic diagram of a testing 
method for evaluating peel resistance. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereafter, a more detailed description of the 
present invention wIM be given by citing embodi- 
ments, but the present invention is not limited to 
these embodiments and various modifications are 
possible within the scope of the present invention, 

[Embodiment I] 

(1) After a titanium dioxide so! vias applied to 
quartz glass by spin coating, it was sintered at 
400 'C for 30 minutes to form a film, thereby 
obtaining a glass/titanium dioxide thin-film ar- 
chitectural material (GT-1). 

(2) By using tile instead of the quartz glass, a 
tile/titanium dioxide thin-film architectural ma- 
terial (TT) was obtained in a manner similar to 
(1) above. 

(3) In a manner similar to (1) above except that 
the sintering temperature was set at 200 °C, a 
glass/titanium dioxide thin-film architectural ma- 
terial (GT-2) was obtained. 

(4) In a manner similar to (1) above except that 
strontium titanate (SrTiOa) powder was added to 
the titanium dioxide sol and that the sintering 
temperature was set at 200 "C, a glass/titanium 
dioxide-strontium titanate thin-film architectural 
materia (GTS) was obtained. 

(5) In a manner similar to (4) ^ove except that 
titanium dioxide powder (P-25) was added to the 
titanium dioxide sol, a glass/titanium dioxide 
thin-film architectural material (6TT) was de- 
tained. 

(6) 0.01% palladium was carried in the titanium 
dioxide thin film of (1) above, and a 
glass/titanium dioxide-palladium thin-film archi- 
tectural material (GTP) was obtaned, 

[Evaluation Test Examples) 

(1 ) Evaluation of decxlorizing property 

Fig. 1 shows an apparatus for evaluating the 
deodorizing property. An architectural material 
(base) 16 having thereon a metal-oxide thin film 14, 
whidi was obtained in exmples (1) to (6) was 
placed, with the thin-film surface facing upward, in 
the bottom of an experiment tank (with a 1 -liter 
capacity) 12 formed of quartz glass 10. 5 ppm of 
acetaldehyde w^ added inside the experiment 
tank 12, and light was radiated onto the thin film 14 
for 60 minutes from above the experiment tank 12 
by using a black light (BL) lamp 18 {in the drawing, 
hf represents light energy). The change over time 
of the residual rate (%) of acetaldehyde was deter- 
mined, and the degree of decline in the residual 



rate was used as a measure in ^e evaluation of the 
deodorizing property, ^teetaidehyde is one of the 
eight offensive odor substances designated by fte 
Japanese Offensive Odor Control Law. The con- 
s centotion of the acetaldehyde was measured by 
gas chromatography. In addition, the evaluation of 
ttie deodorizing property was also conducted by 
using sunlight instead of the BL lamp IS. 

10 Example 1 of evaluation of deodorizing property 

By using the glass/titanium dioxide thin-film 
architectural material (GT-1), the deodorizing prop- 
erty was evaluated under the conditions of no irra- 

fs diation, irradiation by the BL lamp, and irradiation 
by sunlight. The results are shown in Rg. 2. As can 
be seen from Fig, 2, although the acetaldehyde 
residue rate decreases over time, the degree of 
decline is large in the cases of inradiation by the BL 

20 lamp and irradiation by sunlight, which shows that 
the architectural material of frie present inventbn 
excels in deodorizing property. 

Example 2 of evaluation of deodorizing property 

25 

By using the tile/titanium dioxide thin-film ar- 
chitectural material (TT), the deodorizing property 
was evaluated under the condition of irradiation by 
the BL lamp (all the evaluations of the deodorizing 
30 property described below were made under the 
same in-adiation condition). The results are shown 
in Fig. 3. Whether the tile is used or the glass is 
used, the architecturaJ material excels in the de- 
odorizing property. 

35 

Example 3 of evaluation of deodorizing property 

The deodorizing property was evaluated by 
using the respective architectural materials having 

40 a thin film formed thereon, including the 400 "C 
sintered glass/titanium dioxide thin film (GT-1), the 
200 °C sintered glass/titanium dioxide thin film (GT- 
2), the 2O0'C sintered glass/titanium dioxide-P-25 
thin-film (GTT), and the 200 'C sintered 

45 glass/titanium dioxide-SrTiOa thin film (GTS). The 
results are shown in Fig. 4. Although there are 
slight differences in the effect, it can be recognized 
that the architectural material using any one of the 
thin films excels in ttie deodorizing property. 

50 

Example 4 of evaluation of dteodorizing property 

The deodorizing property was evaluated by 
using the glass/titanium dioxide-pailadium thin-film 
55 architectural material (GTP). The results are shown 
in Fig. 5. It can be appreciated that the architec- 
tural materia modified by palladium (Pd) excels in 
ttie deodorizing property more than the material not 
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modified by Pd. 

(2) Example of evaluation of antisolling property 

The giass/titanium dioxide thin-film architectural 
materia! (QT-1) and ordinary glass without a thin 
film (G) were immersed in a water tank for goldfish, 
and irradiated by the BL lamp. Consequently, a 
green atga began to grow on the surface of G 
about a week later, but GT-1 did not undergo any 
change at all. This fact shows that the antisoiling 
property of the architectural materia! with the thirj 
film formed thereon in accordance with the present 
invention is excellent. 

(3) Example of evatuatim of ultraviolet-ray absorp- 
tion property 

With respect to the glass/titanium dioxide thin- 
film architectural material (GT-1) and ordin^ glass 
without a thin film (6). the ultraviolet-ray absorption 
spectrum was measured by using a spectrophoto- 
meter for visible and ultraviolet regions in accor- 
dance with a usual method. The results are shown 
In Fig. 6. As can be seen from this drawing, the 
spectrum of the material with a thin fi'-n (GT-1) 
shifted to the long wavelength side bv approxi- 
mately 50 nm, and it can be seen that its ul- 
traviolet-ray absorptitMi effect is large. 

[Examples of Use] 

Next, refening to the drawings, a description 
wit! be given of examples of use of the architectural 
material with the thin film fwmed ttiereon in accor- 
dance with the present invwitlon. 

Example 1 of use 

Fig. 7 shows an example in which the architec- 
tural material of the present invention is used as 
glass for an external wall portion. The architectural 
materia! of glass 20/metal-oxide thin film 14 was 
provided on an external wall portion as an external 
wall glass, with the thin-film surface facing toward 
the indoor side. The thin-film surface was irradiated 
by sunlight 22 from outdoors. In addition, artificial 
light {e.g. light emitted from the BL lamp, hereafter 
the same) may be concurrently applied from in- 
do(xs onto the glass surface, or only the artitidal 
light may be radiated thereto without sunlight. Con- 
sequently, mold, contaminants and the like at- 
tached to the thin-film surface were decomposed 
and removed. The ultraviolet wavelength region of 
tlie sunlight was absorbed by the glass/thin film. 
Hence, risk to the human body is small, and the 
deterioration of the interior material inside a build- 
ing can be prevented. 



Example 2 of use 

Fig. 8 shows another example in w^ich the 
architectural material of the present invention was 

5 used as glass for an external wall portion. The 
architectural material with a thin film formed there- 
on, which was similar to that in example 1 of use, 
was used, and was provided on an external wall 
portion as an external wall glass, with the thirs-film 

JO surface facing indoors. The glass surface was irra- 
diated by sunlight 22 from outdoors. In addition, 
artificial light may be used from indoors in the 
same way as in example 1 of use. As a result, the 
indoor deodorizing effect was verified, and the ef- 

75 fects of mold proofing, antisoiling, and ultraviolet- 
ray abscMrption were obtained in the sane way as 
in example 1 of use. 

Example 3 of use 

Fig. 9 shows sSli another example in which the 
architectural material of the present invention was 
used as the glass for an external wall p(»iion. The 
architectural material with the metal-oxide ttiin film 

25 14 formed on both sides of the glass 20 was 
provided on an external wall portion as an external 
wall glass. The architectural material was irradiated 
by sunlight 22 from outdoors. Also, artificial light 
may be used from indoors in the same way as in 

30 example 1 of use. As a result, the effects of exam- 
ples 1 and 2 of use were verified. 

Example 4 of use 

35 Fig. 10 shows an example in which the ar- 
chitectural material of the present invention was 
used as glass for an interior portion. The architec- 
tural material used in example 3 of use was pro- 
vided on sn interior portion. Artifidai light 24 and/or 

40 indirect sunlight was radiated thereto irrespective of 
ttie direction of radiation. As a r^ult, an effect 
similar to that of example 3 of use was verified. 

Example 5 of use 

45 

Fig. 11 shows an example in which the ar- 
chitectural material of the present invention was 
used for m external wali portion or a roof portion. 
Sunlight 22 was radiated from outdoors onto the 

50 thin-film surface of the architectural material in 
which the metal-oxide thin film 14 was formed on 
an inorganic external wall material, such as tile, 
concrete, stone, or metal, or an inorganic roofing 
material 26 such as roof tile. Consequently, mold, 

55 contamin^ts and the like attached to the tiiin-film 
surface were d«:omposed aid removed, or even if 
they were not completely decomposed, ttiey were 
easily removed by t>eing washed away (by rain- 
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water) or *ie like. 

Example 6 o1 use 

Rg. 12 shows an exampie in which the ar- 
chitectural material of the present invention was 
used as trim material for the inside of a building. 
Artificial light 24 and/or the sunlight 22 was radi- 
ated onto the thin-film surface of the architectural 
material in which the nnetal-oxide, transparent thin 
filnn 14 similar to that in example 5 of use was 
formed on an inorganic internal wail material, a 
flooring material, a ceiling material or the ltl<e 28 
using tile, concrete, stone, metal, glass or the !iS<e. 
Consequently, it was possible to verify the effect of 
deodorizing the indoor space which was in contact 
with the thin-film surface, the eff^ of the mold 
proofing and antisoiling of the thin-fitm surface, and 
the effect of not impairing design features provided 
on the toim material. This fact shows ttiat ttiis 
architectural matwial can be effecHvely used in a 
living room, a toilet ream or the like which are 
provided with an interior w^l material, a flooring 
material, a ceiling material and the like. 

Ex ample 7 of use 

Fig. 13 shows an example in which the ar- 
chitectural material of the present invention was 
used for an indoor deodorizing device. In this de- 
vice, two sheets of glass 20/metal-oxide thin film 
14 architectural material are arranged with their 
thin-film forming surfaces facing each other, one 
toward the outdoor side ^d the other toward the 
indoor side, a gap 30 for passage of indoor air (a 
bad odor or a harmful gas) is provided between the 
two ^eets of architectural material. A vemfilaiior) 
fan 32, an air flow intet (louver) 34, an air 
ventilation port flouver) 36 are provided at one end 
of this gap, while aiottier air ventilation port 
(louver) 36 and an air flow outlet (louver) 38 are 
provided at the other end of the gap. These de- 
vices are supported by a wall 40 and a floor 42, as 
well as the wall 40 and a ceiling 44. The indoor air 
continuously flows into the gap through the inlet 34, 
and flows out to the room's interior through the 
outlet 38 via the gap. Thus, the Indoor air circulates 
(arrows indicate the flow of air). As for this device, 
the outdoor-side glass surface was irradiated by 
sunlight 22 from outdoors. In addition, artificial light 
may be concurrently radiated onto the indoor-side 
glass surface, or only artificial light may be radi- 
ated ttiereon without using suniight. As a result, the 
indoor bad odor, or harmful gas was brought into 
contact wifii the thin films, and was photochemical- 
ly made odoriess or harmless, and the effect of 
effidently deodoriang \he interior was obtained. In 
addition, ttie ultraviolet-ray absorption effect was 



verified, 

Exa r npl e 8 o f use 

5 Rg. 14 shows another example in which the 

architectural material of the present invCTtion was 
used on an indoor deodorizing device. The ar- 
rangement provided was similar to that of example 
7 of use except that the artificial light source 24 

TO was provided at one end of the device and that this 
device was disposed inside a building. Although 
the artificial light 24 was radiated, sunlight may 
indirectty radiate from outdocsrs. The effect was 
similar to that of example 7 of use. 

75 

[Embodiment tl] 

Hereinafter, a detailed description will be given 
of a second emtodiment of the present invention. 

30 The architectural material in accordance with 
the secortd embodiment of ttte pres^ invention is 
structured as follows: The surface of the architec- 
tural materia and its vicinity are substantially 
formed of a metsJ mixture including a metal oxide 

25 which exhibits photocatalytic activity and a second 
metal for improving the photocatalytic activity of 
that metal oxide, and its inner portion is substan- 
tially formed of a metal mixture including a metal of 
the same kind as that which constitutes that metal 

30 oxide and the second metal for improving the 
photocatalytic activity of that metal oxide. The sur- 
face and its vicinity as well as the inner portion are 
formed continuously. 

The metal oxide which is used in this embodi- 

35 ment and exhibits the photcxiatalytic function is not 
particularly limited. However, it is possible to cite 
those substances that are disclosed in Japanese 
Patent Publication No. 9850/1^. As specific ex- 
amples, it is possible to cite titanium dioxide, iron 

40 oxide, silver oxide, copper oxide, tungsten oxide, 
aluminum oxide, zinc oxide, silicon dioxide, stron- 
tium titanate, and other similar compounds. It is 
preferable to use among them titanium dioxide, 
iron oxide, tungsten oxide, zinc oxide, and stron- 
gs tium titanate. In particular, titanium dioxide excels 
in deodorizing and antimoSd effects, is easy to 
obtain and process, and is therefore the most pref- 
erable. As the metal constituting the metal oxide 
exhibiting the photocatalytic activity, it is possible 

50 to cite titanium, iron, silver, copper, aluminum, 
tungsten, zinc, strontium, and the Hke. 

In addition, the second metal for improving the 
photocatalytic activity of the metal oxide, i.e., the 
metal or other metal oxide which modifies the 

55 metal oxide, is a compound wWch coexists with flie 
metal oxide and is capable of forming a site for 
reduction reaction in the photocatalytic reaction. 
For instance, it is possiWe to use at least one 
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compound selected from platinum, palladium, gold, 
silver, copper, nickel, rhodium, niobium, tin, cobait, 
ruthenium oxide, and nickel oxide. As for the 
amount of the second metal to be mixed in, it is 
preferable to use the second metal in tiie range of 
from 0.01 to 20 wt.% wiSi respect to the metal 
oxide in the present invention. 

In addition, the architectural material in accor- 
dance wlfri ttils embodiment of the present inven- 
tion is preferably structured such that the surface 
thereof and its vicinity are substantially formed of a 
metal mixture which is expressed by the following 
general formula (I): 

ITiO2].[TiM,],.,or[Ti02],M,-, (I) 

(where M represents a metal selected from tiie 
group consisting of R, Au, Pd, Ag, Cu, Ni, and Co; 
X is such that 0.3 i x < 1; and y is an integer 
peculiar to the metal M combining with Ti and is 
any one of 1, 2, and 3), 

and its inner portion is a metal mixture which is 
expressed by the following general formula <ll): 

[TiLrnMyli-xOrmuvii-, (II) 

{where M represents a metal selected frcMn the 
group consisting of R, Au, Pd, Ag, Cu, Ni, and Co; 
X is such that 0.3 S x < 1; and y is an integer 
peculiar to the metal M combining wi&i Tl and is 
any one of 1, 2, and 3). 

In the case of this preferable form, the closer 
to the surface the portion is, the greater its content 
of titanium dioxide [TiOz], and the greater the pro- 
portion of titanium [Ti]. 

X represents a molar ratio, shows a ratio be- 
tween titanium dioxide or titanium in the metal 
mixture and the metal [M] for improving ^e cata- 
lytic function, and is preferably 0.7 to 0.9 or there- 
abouts. 

in this embodiment, tit^ium dioxide, which is 
most suitable as a siAistance exhibiting the 
photocatalytic functicm, is used. The metal M for 

improving the photocatalytic function of titanium 
dioxide is a metal which Is suitably used among 
metals which coexist with titanium dioxide and are 
capable of forming sites tor reduction reaction in 
the photocatalytic reaction. These metals are gen- 
erally called precious metals, and elements in 
Groups VII! and lb can be typically cited. Here, the 
metal M is selected from the group consisting of 
platinum, gold, palladium, silver, copper, nickel, 
and cobalt which are highly effective. Among them, 
platinum, gold, palladium, and silver are preferable 
in view of deodorizing and antimold effects. Pal- 
ladium is particularly preferable in view of ease of 
processing ^d the price. 



In this embodiment, the word "substantially" is 
meant to include the presence of impurities or 
mixtures to such an extent that it does not impair 
the advantages of the present invention. 

5 On the surface or its vicinity, titanium dioxide 

the metal M selected from the group of metals, 
iMien combined, exhibit a structure similar to that 
of an alloy. In other words, the phase consisting of 
only titanium dioidde and the metal M, or the phase 

10 consisting of only titanium dioxide and a composite 
phase consisting of titanium dioxide and the metal 
M, exhibit a mixed structure (metal mixture) in 
which these metals are finely and uniformly dis- 
persed. The closer to the inner portion of this metal 

76 mixture, the more titanium dioxide in the metal 
mixture is replaced by metal titanium, changing 
continuously to the metal mixture (alloy) consisting 
of metal titanium and the metal M, 

Fig. 15 is a cross-secfionai view of a model 

20 showing the state of phase of a metai mixture of 
the architectural material in accordance with the 
present invention in which M is palladium Pd. A 
TiOa phase 50 and a TiPda phase 54 are dispersed 
on the surface and its vicinity. The TiOz phase 

ss exhilMts ttie [^otocatalytic function, while the TiPcb 
pha^ promotes that function. The closer to the 
Inner portion, a Ti phase 52, which is unrelated to 
the photocatalytic function, increases, and the 
structure becomes one in which the Ti phase 52 

30 and the TiPd2 phase 54 are dispersed. These 
portions of the metal mixture are formed continu- 
ously. 

As described above, since the titanium diox- 
ide/metal phase exhibiting the photocatalytic func- 

35 tion and the titanium/metal phase serving as a 
carrier constitute an identical architectural material 
structure, the photocatalytic phase is prevented 
from peeling off, so that the architectural material is 
provided with the strength and peel resistwice nec- 

40 essary for withstanding practical use. 

Next, a description mil be given of a method of 
manufacturing an architectural material, which is a 
third aspect of the present invention. As the manu- 
facturing method, first, a metai mixture, i.e., an 

45 alloy, which contains the metal constituting the 
metal oxide exhibiting the photocatalytic activity 
and the second metal for improving the 
photocatalytic activity of the metal oxide, is manu- 
factured. After the alloy is processed into a desired 

50 shape, the processed alloy is subjected to oxida- 
tion treatment. The met^s which are used are the 
same as those of the above-described architectural 
material. 

As the metal mixture, a metal mixture, i.e., 
55 alloy, which is expressed by the following general 
formula (il) is prefer^ly used: 

[Ti]x[TiMy],..xOr[TiLMi-^ (I!) 
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(where M represents a metal selected from ttie 
group consisting of R, Au, Pd. Ag, Cu, Ni, and Co; 
X is such that 0.3 s x < 1; and y Is an integer 
peculiar to the metal M combining with Ti and is 

any one of 1, 2, and 3). 

The alloy expressed by general formula (11) 
above exhibits at room temperature a mixed struc- 
ture in which "the a phase consisting of metal 
titanium and the metal M" are finely and uniformly 
dispersed, or a mixed structure in which "the a 
phase consisting of metal titanium and the com- 
posite phase consisting of metal titanium and the 
metal M" are finely and uniformly dispersed, x 
represents a molar ratio of titanium dioxide with 
respect to the metal M, while y represents a molar 
ratio of the metal M with respect lo metal titanium 
in the composite phase consisting of metal titanium 
and the metal M. 

Tlie metal mixture (alloy) of such a mixed 
structure is manufactured, and after rt is processed 
into a desired shape for use such as a sheet or a 
foil, the metal mixture is subjected to oxidation 
treatment. Before oxidation treatment is conducted, 
pretreatment such as heat treatment may be car- 
ried out. The metal mixture is subjected to forming, 
and surface cleaning is then carried out before 
oxidation treatment is provided. In view of the uni- 
formity of treatment and the strength of the 
photocatalytic phase, it is preferable to conduct 
anodic oxidation treatment in an electrocatalytic 
solirtion. If oxidation treatment is provided, the sur- 
face of the "or phase consisting of metal titanium" 
is oxidized, thereby making it possible to form the 
titanium dioxide phase. 

Thus, (t is readily pos^ble to obtain a rigid 
photocatalytic phase in which the phase consisting 
of titanium dioxide, which plays the role of oxida- 
tion decomposition reaction in the photocatalytic 
reaction, and the phase consisting of the metal M 
or the composite phase, consisting of the metal M 
and titanium, which piays the role of promoting the 
photocatalytic reaction as a catalyst for reduction 
reaction, are finely and uniformly dispersed in the 
alloy surface. 

Example 1 of manufacture 

The manufacture of an architectural material con- 
sisting of a titanium-pal Iffijium binary system 

Fig. 16 is a diagrarrj of the state of a titailum- 
palladium binary system of a metal mixture. 

This is a case where M is Pd In general for- 
mula (II). Metal mixtures (hereafter referred to as 
alloys) A, B and C were fabricated by being melted 
with compositions of x = 0.9, 0.8, and 0.7, respec- 
tively. 



Ingots of the alloys A, B and C were hot rolled 
into sheets of 110 mm in width and 2 mm in 
thickness at 900 'C, and were acid pickled in an 
aqueous solution of 5 wt.% fluorine to remove 
5 oxide film from their surfaces. Then, they were cut 
into sizes of a 100 mm square and 1.6 mm in 
thickness. 

Fig. 17 is a schematic diagram of an anodic 
oxidation treatment apparatus. 

10 The alloy was connected to an anode 56, while 

metal aluminum was connected to a cathode 58. 
At) aqueous solution 62 of 1 wt.% phosphoric acid 
was filled in a cell 60. While observing a voltmeter 
64 and an ammeter 66 and adjusting the voltage, 

7S electric power was supplied from a dc power sup- 
ply device 68 so as to effect anodic oxidation 
treatment. That is, the obtained met^ tile was 
attached to the anode 56 of the anodic oxidation 
treatment apparatus, and anodic oxidation treat- 

20 mani was carried out in the aqueous solution of 1 
wt.% phosphoric acid at a voltage of 10 to 250 V, 
thereby oxidizing the titanium phase (a phase) in 
each alloy and forming on its surface a titanium 
dioxide phase having a thickness of dozens of 

25 angstroms to several microns. Thus, metal tiles 
having *ie deodorizing and antimold functions were 
(Stained. 

Examp le 2 of manufacture 

30 

The manufacture of an architectural material con- 
sisting of a titanium-silver binary system 

Rg. 18 shows a diagram of the state of a 
35 titanium-silver binary system of a metal mixture. 

This is a case where M is Ag in gener^ for- 
mula (II). Alloys D aid E were fe^ricated by being 
melted with compositions of x = 0.9 and 0,7. 
respectively. 

40 Ingots of the alloys D and E were treated in the 
same manner as in example 1 of manufacture, and 
metal tiles having tiie deodorizing and aiSmold 
functions were obtaned. 

45 Example 5 of evaluati on of deodorizing property 

Evaluation of the deodorizing property of metal tiles 

Fig. 19 shows a schematic diagram of a testing 
50 apparatus for evaluating the deodorizing property. 

A sample 72 was placed in the bottom of an 
experiment tank 70 made of quartz glass. An al- 
d^yde gas was supplied to the experiment tank 
70 from a standard-gas generating device 74 via a 
56 gas supply port 76. A pressure gage 78 and an 
agitator 80 were placed in the apparatus. The state 
of the interior was observed by means of a gas 
sensor 82, a hygrottiermograph 84, md an ui- 
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travsolet-ray intensity meter 86. 

The metal tile samples obtained in examples 1 
and 2 of manufacture were placed, witii the treated 
surfaces facing upward, in the bottom of the experi- 
ment tank made of quartz glass in the testing 
apparatus for evaluating the deodorizing property. 

5 ppm of alctehyde was introduced into the 
evaluating apparatus through the gas supply port 
76, and fte light was radiated from the BL lamp 
{black lamp) (not shown) from above the evaluating 
apparatus. The change over time of the aldehyde 
concentration at that time was measured by gas 
chromatography, and the degree of a decline in the 
aldehyde residual rate was used as an index of the 
deodorizing performance. 

As a comparative sarpp%, an evaluation was 
similarly made in which a titanium dioxide-pal- 
ladium thin film obtained fay applying an aqueous 
solution of a titanium dioxide sol thereon was 
formed on a metal tile. 

Fig. 20 is a graph showing a change in the 
residual concentration of acetaldehyde. 

In Fig. 20, a represents a curve whidi shows 
the residual ojnc^rrtration of acetaldehyde in the 
metal tile obtained from the alloy A; and b, c, d. 
and e represent curves which show the residual 
concentrations of acetaldehyde in the metal tiles 
obtained from the alloys B, C, D, and E, respec- 
tiveiy. f represents a curve whicfi shows the resid- 
ual concentration of acetaldehyde in the metai tile 
obtained from tiie comparative sample. 

Exartple 1 of evaluation of peel resistance 

Evaluation oi peel resistance of metal tiles 

Fig. 21 shows a schematic diagram of a testing 
method for evaluating p^l resistance. 

As shown in Rg. 21, 10 mm-long s;ars were 
inscribed at 2-mm intervals in a central portion of 
the surface of each sample by using a cutter knife, 
tliereby forming 5x5 squares. 

Then, an adhesive tape was attached to a 
surface portion covering the squares. After rubbing 
sufficiently from over the tape, the tape was peeled 
off, and by microscopically observing the cut por- 
tions of the sample, the number of squares in 
which the titanium dioxide film remained without 
being peeled off was counted and set as a param- 
eter of peel sfrength. 

As a comparative sample, an evaluation was 
similarly made of a titanium dioxide film of 1 urn in 
Sickness formed on a 5-cm-square glass plate by 
means of spin coating. 

In all the metal tiles obtained by subjecting Ifie 
items of the present invention, i.e., the alloys A, B, 
C, D and E, to oxidation treatment, the titanium 
dioxide film was not peeled off, the number of 



squares remaining intact being 25. In the compara- 
tive sample, ttie film was peeled off in all the 
squares, and the result was 0. Thus, the metal tiles 
obtained in accordance witti the (iM'esent invention 

5 exhibit peel resistance. 

It is known that titanium dioxkle produces var- 
ious colors depending on the film thickness ttiereof. 
Since the thickness of the titanium dioxide film is 
substantially proportional to the anodic oxidation 

10 voltage, it is possible 1o obtain metallic architectural 
materials which produce various colors by control- 
ling the oxidation voltage. In addition, since the 
surface phase and the inner phase are formed 
continuously, excellent surface strength is exhibited 

15 irrespective of the thickness of the titanium dioxide 
film. Hence, it is possible to arbitrarily obtain ar- 
chitectural materials which produce colors suited to 
purposes by the adjustment of the oxidation volt- 
age, so that ttiese architectural materials are pref- 

20 arable in terms of design as well. 

Since the architectural material of the present 
invention uses a titanium alloy as Its base material, 
the architectural mataial excels in workability, and 
a desired shape can be obtained easily. Since 

25 anodic oxidation permits fine and uniform surface 
oxidation treatment, an architectural material of a 
complicated shape can be provided with a uniform 
and excellent photocatalytic capability. 

The architectural material of the present inven- 

30 tion may be used as it is by processing the metal 
into an arbitrary shape as described above, or a 
thin sheet with a thin film formed thereon may be 
formed of alloys in advance and subjected to oxi- 
dation treatment, and a thin-film material thus pre- 
ss pared and displaying the deodoriang and antimold 
functions may be joined to a base material so as to 
be used. 

As a method of using the architectural material 
of the present invention, the architectural material 

40 may be used as it is as a metal tile or an interior 
trim material, or the thin sheet/thin film architectural 
material having a combined structure in accor- 
dance with the present invention may be prepared 
and used by being joined to ceramics, mortar, 

46 glass, iron plates, aluminum plates, and the like 
which are existing architectural materials. Thus, in 
accordance with the method in which the architec- 
tural material o1 the present invention is used by 
being joined to existing materials, the reduction in 

50 the amount of alloys used becomes possible, and it 
is possible to provide architectural materials dis- 
playing excellent deodorizing and antimold func- 
tions at low cost. 

The architecturaJ material in accordance with 

55 the present invention offers outstanding advantages 
in the property of deodorizing an indoor space 
which comes in contact with the architectural ma- 
terial and in the antimold property, e^itisoiiing prop- 
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eity, and u!traviolet-ray absorbency of ttie surface 
of architectural material, and in the long-term 
maintenance of tiiese properties and economic effi- 
ciency, wittiout impairing features of design. The 
archltecturai material in accordance with a second 
aspect of the present invention has high uniformity 
of material, excels in deodorizing and antimold 
functions, is easy to manufacture, has high 
strength. The material also excels in durability, and 
facilitates processing into a shape suited to a pur- 
pose. Furthermore, in accordance with the manu- 
facturing method in accordance with the present 
invention, it is possible to readily obtain an ar- 
chitectural materia! of a desired shape, which is 
uniform and has superior deodorizing and antimold 
effects. 

The features disclosed in the foregoing description. 
In the claims and/or in the accompanying drawings 
may, both separately and in any ccnnbtnation there- 
of, material for realising the inventicm in diverse 
forms thereof. 

Qaims 

1. An architectural material comprising: 

a base having a light-receiving surface and 
used as an architectural material as an external 
wall materia!, a roofing material, an internal 
wall material, a flooring material, or a ceiling 
material; and 

at least one metal-oxide layer exhibiting 
photocatalytic activity and selected from the 
group consisting of titanium dioxide, iron oxide, 
silver oxide, copper oxide, tungsten oxide, alu- 
minum oxide, silicon oxide, zinc oxide, and 
strontium ^anate, s^d at least one metal-oxide 
layer being formed on a surface of said base. 

Z An archltecturai material comprising: 

a base having a light-receiving surface and 
used as an architectural material as an external 
wall material, a roofing material, an internal 
wall material, a flooring material, or a ceiling 
material; and 

at least one metal-oxide thin film exhibiting 
photocatalytic activity and selected from the 
group consisting of titanium dioxide, iron oxide, 
silver oxide, copper oxide, tungsten oxide, alu- 
minum oxide, silicon oxide, zinc oxide, and 
strontium titanate, said at least one metal-oxide 
layer being formed on a surface of said base. 

3. An architectural material according to Claim 2, 
wherein said thin film is formed by coating 
quarts glass or tile having the light-receiving 
surface with a titanium oxide sol, and by sinter- 
ing the same. 



4. fvn architectural material according to Claim 2, 
wherein s^d thin film Is formed by coating 
quarts glass or tile having ttie light-receiving 
surface vri^ a titanium oxide sol with titanium 

5 dioxide powder added thereto, and by sintering 

the same. 

5. An architectural material according to Claim 4, 
wherein palladium is carried in the thin film of 

10 the titanium oxide sol. 

6. An architectural material for use as an external 
wall material, a roofing material, an internal 
wall material, a flooring material, or a ceiling 

IS material, wherein a surface of said architectural 

maSeriaJ and its vicinity are substantially 
formed of a metal mixture including a metal 
oxide which exhibits photocatalytic activity and 
a second metal for improving ttie 

20 photocatalytic activity of said metal oxide, and 

an inner portion of said architectural material is 
substantially formed of a metal mixUjre Includ- 
ing a metal of the same kind as that wfiich 
constitutes said metd oxide and said second 

25 metal for improving the photocatalytic activity 

of said metal oxide, said surface and Its vi- 
cinity as well as said Inner portion being 
formed continuously. 

30 7. An architectural material according to Claim 6, 
wherein sad surface and its vicinity are sub- 
st^tially formed of a metal mixture which is 
esqpressed by the following gwteral formula (I): 

35 [TiOsL [TiMy],.;. or rTiOakMi-x (I) 

<where M represents a metal selected from the 
group consisting of R, Au, Pd, Ag, Cu, Ni, end 
Co; X is such that 0.3 £ x < 1; and y is an 
40 integer peculiw to said metal M comttning 

with Ti and is any one of 1 , 2, and 3), 

and said inner portion is a metal mixture 
which is expressed by the following genra-aJ 
formula (II): 

45 

ITli, VTMyh-^ or [Tiwyi,_^ (II) 

(where M represents a meta! selected from the 
group consisting of R, Au, Pd, Ag, Gu, Ni, and 
50 Co; X is such that 0.3 £ x < 1; and y is an 

Integer peculiar to sad metal M combining 
witti Ti and Is any one of 1, 2. and 3). 

8. An architectiJral material according to Claim 6, 
56 wherein sad surface and its vicinity are sub- 

stantially formed of a metal mixture including 
titanium oxide and palladium, and said inner 
portion is substantially formed of a metal mlx- 
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ture including titanium and palladium, said sur- 
face and its vicinity as well as said inner por- 
tion being formed continuously. 

9. An architectural materia! according to Ciaim 1 
or 2, wherein said architectiR'al material is 
glass, tile, roof tile, concrete, stone, metal, or a 
composite material thereof. 

10. A method of manufacturing an architectural 
material, comprising the steps of: 

fabricating a metai mixture including a 
metal constituting a metal oxide exhibiting 
photocatalytic activity and a second metal for 
improving the photocatalytic acti\nty of said 
metal oxide; 

processing said metal mixture into a de- 
sired shape; and 

subjecting said processed metal mixture to 
oxidation treatment. 

11. An architectural material according to Claim 6, 
wherein said metal oxide is at least one com- 
pound selected from ttie group owislsting of 
titanium dioxide, iron oxide, stiver oxide, cop- 
per owde. tungsten oxide, aluminum oxide, siti- 
con oxide, zinc oxide, and strontium titanarte. 

12. A method of manufacturing an architectural 
material according to Claim 10, wherein said 
metal constituting said metai oxide exhibiting 
the photocatalytic activity is selected from the 
group consisting of titanium, iron, silver, cop- 
per, aluminum, tungsten, zinc, and strontium. 

13. A method of manufacturing an architectural 
material according to Claim 10, wherein said 
second metal for improving the photocatalytic 
activity of said metal oxide is selected from the 
group consisting of platinum, gold, palladium, 
silver, copper, nickel, rfiodium, niobium, tin, 
and cobalt. 

14. A method of manufacturing an architecturaJ 
material according to Claim 10, wherein said 
metal mixture is expressed by the following 
general formula (II): 

[Tii,JTIMy],-xOr[Til<M,-, (II) 

(where M represents a metal selected from the 
group consisting of Pt, Au, Pd, Ag, Cu, Ni, and 
Co; X is such that 0.3 g x < 1; and y is an 
integer peculiar to said metal M combining 
with Ti and is any one of 1 , 2, and 3). 

15. A mettiod of manufacturing an ^chitectural 
material according to Claim 10, wherein a met- 



al mixture including titanium and palladium is 
fabricated, and after said metal mixture is 
formed into a desired shape, said metal mix- 
ture is subjected to anodic oxidation treatment. 

5 

16. A method of manufacturing an architectural 
material according to Claim 10, wherein a met- 
al mixture including titanium and palladium is 
fabricated, and after said metal mixture is 
)0 formed into the shape of a tiiin film, said metal 

mixture is subjected to anodic oxidation treat- 
m^t, arwi is txinded to the surface of a de- 
sired architectural material. 
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